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 ABSTRACT 
 This thesis encompasses two parts. The first part deals with general introduction to 
isolation, characterization, and bioactivities of natural products, with emphasis on 
Jasminum Subtriplinerve Blume spp., and its genus. The second is experimental study of 
J.subtriplinerve Bl. about its bioactivities and chemical constituents. 
 In first part (from chapter 1 to 6), the botanical of two varieties of J.subtriplinerve Bl., a 
medicinal plant widely distributed in Middle area of Vietnam that has just been paid 
attention, was firstly described and distinguished. In addition, the bioactivities and 
constituents studies on some species of this genus are also focus on as well as the 
analytical techniques and methods of researching.  
 The remained parts presents the experiments of methods used in investigation of 
bioactivities, isolation, and structural elucidation of J.subtriplinerve Bl var. Vang Se 
followed by a synopsis of results and discussion. The in vitro bioactive tests of extracts 
from two extraction methods include antimicrobial assay of four bacteria, two fungi and 
two yeasts; antioxidant activity by DPPH (2,2-diphenyl-picryhydrazyl) radical scavenging 
method; and in cytotoxic test against four human cancerous cell lines: Hep-2 (human 
hepatocellular carcinoma), RD (human heart membrane), LU (human cervical cancer) and 
DLD-1 (human colon cancer). The isolation of petroleum and ethyl acetate extracts are 
given three common compounds, 3β-acetyl oleanolic acid, Lup–20–en–3β–ol, and 
Stigmast-5-en-3-O-β-ol. However, the cytotoxic test brought about attracted results that 
attested the petroleum ether and chloroform extract having activities. Among the extracts, 
which had test the cytotoxic activity, S.A1-1 exhibited most potential activity by reducing 
the percentage of cell survival by 95% at concentration of 25µg/ml after 48hr treatment, 
especially when increasing its concentration 10 times, this value dropped by 3%. 
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1. INTRODUCTION 
 Study on natural products is always an interesting target for scientists over decades, 
especially on plants. Historically, plants (fruits, vegetables, medicinal herbs, etc.) have 
provided a good source of a wide variety of compounds, such as phenolic compounds, 
nitrogen compounds, vitamins, terpenoids and some other secondary metabolites, which 
are rich in valuable bioactivities, e.g., antioxidant, anti-inflammatory, antitumor, anti-
mutagenic, anti-carcinogenic, antibacterial, or antiviral activities… In many oriental 
countries (China, Japan, etc), the traditional herbal medicines have been widely used for 
thousands of years. Herbal plants have become the main object of chemists, biochemist, 
and pharmaceutics. Their research plays an important role for discovering and developing 
new drugs, which are having hopefully more effectiveness and no side actions like most 
modern drugs. Besides focusing on chemistry of compounds from any plants, the studies 
of herbal plant are based on folkloric reputation and traditional uses. In addition, the 
isolation and identification on these plants are due to the activities of their extracts and 
fractions. There is a large amount of plentiful sources for pharmaceutics developing herbal 
drugs, only about 35 000 on over 250 000 plant species identified. Particularly, tropical 
rainforests are a vital source of medicines. Only about 1% plants from tropical forest in the 
world have been pharmaceutical test1. This shows clearly that studies on herbal plants are 
requirements and demands of natural products scientist. From natural products, a number 
of herbal drugs have been developed into form of food supplements, nutraceuticals, and 
complementary and alternative medicine. Examples, 1) Paclitaxel (Taxol®) is an important 
drug used in the treatment of cancer. In a study of cancer program, over 30,000 plants 
collected to test for anticancer properties. They found that therein the bark extract from 
the Pacific yew tree (Taxus brevifolia) had possessed antitumor qualities. Soon after, that 
active compound was isolated and named as Paclitaxel, which of structure is extremely 
complex. It took nearly 30 years from investigating the active ingredient to developing into 
drugs and bringing it to trade market. Now, Paclitaxel has since become an effective tool 
of doctors for treating patients with lung, ovarian, breast cancer. 2) Mefloquine (Lariam®), 
an alkaloid compound, was developed in a program to find an antimalarial during Vietnam 
War; an antimalarial drug is usefulness in tropics in the treatment of malaria2. 3) From 
Cephaelis ipecacuanha and related species, the isoquinoline alkaloid emetine obtained 
has been used for many years for the treatment of abscesses due to the spread of 
Escherichia histolytica infections1.  
 Therefore, studies an herbal plant profoundly not only to discover active compounds 
but also to find the effective mechanism of them to develop into drugs for treatment 
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diseases. Furthermore, the studies also supplied general constituents and effects that can 
encourage the use of herbal plants as “food” for intensifying health and prevent diseases. 
 In Vietnam, it is also having use of herbal plant for traditional therapy that some herbal 
plants are specific characteristics from any other oriental countries and have not been 
studied. Jasminum Subtriplinerve Blume (Che Vang in Vietnamese) plant is one of the 
herbal plants in Vietnam. It has long been known for traditional therapy in some regions, 
especially from the Middle coming up to North Vietnam, where are destitute. Water 
extracts of this plant have been widely used for tea and in traditional medicine. According 
to folk therapy, it enters the meridians of heart and spleen. It dispels wind, promotes blood 
flow, counteracts menstrual disorder, and resolves inflammation and suppuration. In folk 
recipes, for treatment of irregular menstruation and painful menstrual haematometra, 
J.subtriplinerve is the main ingredient combination with Leonurus asrtemisia, 
Siegesbeckia orientalis, Artemisia vulgaris and Clerodendrum viscosum. Another folk 
therapy, a decoction of fresh leaves is used as an antiseptic for wounds and fresh leaf 
poultice for abscesses and mastitis. In the form of decoction, its boiled water is used for 
bathing against impetigo. The juice obtained by grinding the root in vinegar is applied 
topically to cure suppurative boils3. All the uses of this plant above are applied at an 
infirmary at Cam Lo district Quang Tri province, a Middle region. In addition, local people 
usually use it as normal tea as traditional medicine for women after their bearing. Both tea 
from boiling fresh plant and commercial extract are also used.  
 The study on this plant is important for a number of reasons: 1) There are no botanical 
description and images of J.subtriplinerve on any international documentaries. This will be 
a shortcoming for Botany because J.subtriplinerve had onymous on Botany list but did not 
have any details. 2) A little attention has been paid on it, just beginning with one article of 
Krause in 2003 about the chemistry and synopsis antibacterial, antioxidant activities of six 
new isolated secoiridoid glycosides compounds. These results are still little for research of 
a new plant. 3) Although J.subtriplinerve in Vietnam is very cheap and so common, it 
contains interesting and significant bioactivities concerned above. This will be a 
noteworthy subject for studying, isolating, determining the active compounds, and 
investigating its unstudied bioactivities. If the studies bring out the good results, this will 
stimulate the use of J.subtriplinerve more widely in Vietnamese community for health.    
 Therefore, the aims of this report are:  
• Vang Se, a variety of J.subtriplinerve, was chosen as the main subject in study series 
of this species. Solvent extraction of Vang Se in two ways: consecutively maceration and 
miscrimible extraction of total ethanol extract. 
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• Investigation the bioactivities include antimicrobial, antioxidant, especially the cytotoxic 
activities of all extracts to find out the interested active extracts. 
• Identification some chemical constituents of the active extracts.  
2. BOTANICAL DESCRIPTION OF JASMINUM SUBTRIPLINERVE BLUME  
 
 Scienctific names Vietnamese name In short 
Family Oleaceae   
Genus Jasminum   
Species Jasminum Subtriplinerve Blume Chè Vằng 
Lá vằng 
Che Vang 
La vang 
Variety  Vằng Sẻ 
Vằng Trâu 
Vang se 
Vang Trau 
Table 1: Botanical description of J.subtriplinerve. 
 J.subtriplinerve frequently grows in association with other shrubs in forest-edges, hills 
and around villages. It thrives well under wet and warm climatic conditions. In Vietnam, 
this genus consists of 30 species; eight among them are known as medicinal plants. Of 
the medicinally used plants, except Jasmine, all are known as the trivial name. They are 
found in lowland, midland and moutain area under 1500m. 
 Jasminium subtriplinerve Blume is a middle-sized shrub. Twigs spreading, leave 
opposite, oval-lanceolate, base nearly obtuse or rounded, apex apiculate, uniform colored 
on both sides, three nerves from base. Inflorescence in axillary or terminal raceme on 
short and small branches: bracts lanceolate. Flowers are 7-9 white, fragrant, calyx 
campanulate, glabrous, 9-toothed. Berry is globose or ovoid with remains of persistent 
calyx, black when ripe. Flowering periods: March-April 
 Two variety of J.subtriplinerve Bl. have some differences as following. 
 Vang se Vang trau 
Twigs Glabrous Villosity 
Leave 
Three nerves clearly. 
Smooth and shiny. 
Three nerves not clearly. 
Rather rough. 
Color Green Darker green 
Table 2: Different characteristics of Vang se and Vang Trau 
 
4 
  
  
Figure 1: Vang Se - Taken on Sep, 2005 at Cam Lo District, Quang Tri Province 
 
  
  
Figure 2:  Vang Trau - Taken on Sep, 2005 at Cam Lo District, Quang Tri Province 
J.subtriplinerve has a bitter and slightly acrid taste, and warm character. 
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3. REVIEW LITERATURES AND RESEARCH SUBJECTS 
3.1. Chemical constituents 
3.1.1. J.subtriplinerve Blume 
 In the study of Krause4 et al, from methanol extract, with some known compounds, six 
new terpene glycosides (1-6) have been isolated and identified by using many techniques, 
such as GC with chiral column (β-DEX chiral), semipreparative HPLC, HPLC-APCI-MS 
and HPLC-NMR online and offline. 
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Figure 3: Structures of the six new terpene glycosides in J.subtriplinerve Blume identified 
by Krause et al4. 
 According to Nguyen5 et al, they did preliminary analysis to observe the presence of 
chemical components in J.subtriplinerve. It showed that the alkaloids, glycosides, 
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flavonoids, terpenes, and resin (mainly syringin) are present. However, no compounds 
were isolated. 
3.1.2. Jasminum genus 
 The jasminum genus contains 200 species. The studies on this genus began in 1965 
published by Plouvier V, but on J.subtriplinerve Blume is still limited. Therefore, it will be 
convenience that to overview some other plants in genus Jasminum for propitious studies 
on J.subtriplinerve Blume.  
3.1.2.1. Jasminum Polyanthum 
 From the dried flowers of J.polyanthum, which have used as crude drug named “Ye su 
xin” for treatment of orchitis, menorrhalgia and stomachalgia,  two new secoiridoid 
glycosides, jaspolyoside (7) and jaspolyanthoside (8), with three known secoiridoid 
glycosides, oleuropein, ligstroside and Gl 5 are isolated from MeOH extract by ODS 
column chromatography and preparative HPLC. And their structures are elucidated with 
HR-SIMS, 1D- and 2D-NMR (1H-1H COSY, HMQC and HMBC)6. In addition, 
oleopolyanthosides A-B, and jaspolyoleosides A-C from n-BuOH-soluble fraction of MeOH 
extract were separated and elucidated by reversed phase CC, prep-HPLC, and H-COSY, 
DEPT, HMQC, HMBC7.  
 Another study published on this species is described the structure of jaspolyoside (9), 
a new secoiridoid glycoside, which obtained from H2O soluble fraction when partitioned 
the EtOH-H2O suspension with n-BuOH solvent. Its structure was investigated by FAB-MS 
and NMR techniques8.  
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Figure 4: Structures of the new terpene glycosides in Jasminum Polyanthum 
3.1.2.2. Jasminum urophyllum 
 J.urophyllum collected in Taiwan contains various secoiridoid glycosides. The EtOH 
extract of leave and stems of J.urophyllum was being suspension in water then extract 
with EtOAc, after with n-BuOH to form EtOAc and n-BuOH fractions respectively. The 
residue, formed by the eluent of n-BuOH fraction with Sephadex LH-20 column, was then 
applied on silica gel to give five fractions. Doing rechromatography of five fractions on an 
RP-C18 column was obtain jasurosides E-G (10-12)9; a novel neolignan-secoiridoid 
glycosides, jasurolignoside (13), and a new neolignan, urolignoside (14)10 ; are reported 
as new compounds. All of those compounds are investigated and assigned the structures 
by EI-MS, FAB-MS and 1D-, 2D-NMR (COSY, DEPT, HMQC, HMBC). 
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Figure 5: New secoiridoid glycosides from Jasminum urophyllum isolated by Shen et al9,10.  
3.1.2.3. Jasminum absyssinicum 
 Three complicate oligomeric secoiridoid glycosides, from EtOAc soluble fraction of 
EtOH extract, were isolated named craigosides A-C in root bark of J.absyssinicum 
collected in Congo11 by ICR-FTMS, ESI-MS, and NMR (1 and 2D) techniques. 
3.1.2.4. Jasminum nudiflorum 
 J.nudiflorum Lindl. contains a number of new secoiridoid glycosides jasnudiflosides F-
L, nudifloside D and isooleoacteoside12. The extraction procedure was following: dried 
leaves of J. nudiflorum were extracted with hot MeOH. After concentration, the extract 
was suspended in H2O and filtered. Then, the filtrate was extracted successively with 
CHCl3 and n-BuOH. The n- BuOH soluble fraction was chromatographed on a LP-40C18 
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column and preparative HPLC yielding above secoiridoid glycosides. These compounds 
were elucidated on the basis of chemical and spectroscopy techniques, such as, HR-SI-
MS, NMR. 
3.1.2.5. Jasminum lanceolarium 
 The new secoiridoid glycosides, jaslanceosides C-E (15-17), which are present in n-
BuOH soluble fraction of J.lanceolarium,13 are isolated by Sephadex LH-20 column and 
prep-TLC with FAB-MS and NMR techniques. 
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                            D (16). R = H  
O
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COOHCOOCH3
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Figure 6: New secoiridoid glycosides from Jasminum lanceolarium isolated by Shen et 
al13. 
3.1.2.6. Others 
• From J.azoricum, three oligomeric, iridoid-type compounds were identified, named 
sambacein I-III. Similarly, from J.grandiflorum, 2-(3,4-dihydroxyphenyl) ethanol, 
isoquercitrin, ursolic acid and oleacein is also isolated14.  
• Jasminin (18), an ester of oleoside and the substituents iridane triol, is from 
J.primuliunum Hemsl. or J.mesnyi Hance species, and J.azoricum L.15.  
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Figure 7: Structure of Jasminin found in J.azoricum L and J.primuliunum Hemsl., identified 
by Ross et al15 
 By means of chemical constituents overviews of this genus, besides terpenoids, 
alkaloids…compounds (lupeol, jasminol, jasminine…), plants of the Jasminum genus are 
rich of secoiridoid glycosides compounds16, which are very polar. To isolate and elucidate 
them, reversed phase chromatography is preferred and more advanced analysis 
techniques were applied, such as typical 2D-NMR. This will be meaningful information 
about the extraction and isolation methods for further study on this genus, especially on 
J.subtriplinerve Bl. species. 
3.2. Bioactivities 
Only two research groups have previously investigated the biological activity of 
substances from J.subtriplinerve Blume Krause4 and Thi Ninh Hai Nguyen5.  
3.2.1. J.subtriplinerve Blume 
3.2.1.1. Krause4 et al 
 In this study, six terpene glycosides are isolated to test the antibacterial activity and 
reduction of DPPH (2,2-diphenyl-picryhydrazyl) radius according to the direct 
bioautographic method. To test all antibacterial activity of all compounds, the 
microorganism in a suitable broth is applied to a developed with compounds TLC plate as 
a spray by using Bacillus subtilis, and Pseudomonas fluorescens bacteria. In addition, in 
the reduction of DPPH radical test, DPPH was sprayed on TLC with these samples. 
Among of six compounds, 2 and 6 are having antimicrobial effect on both bacteria strains. 
With only 5µg/spot applied on TLC, they showed the antioxidant activity. 
 In DPPH test, compounds 4 and 6 (from figure 3) showed potential antioxidant activity. 
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  1* 2 3 4 5 6 
Bacillus subtilis  10 5 25 30 25 5 
Pseudomonas fluorescens 5 5 25 30 25 5 
Reduction of DPPH radical 
µg/spot 
   12.3 50 12.3 
Raphanus sativa 
In Root growth inhibition test 
EC50, 
ppm 5.0 33.0 0.6 32.0 28.0 32.0 
* Mixture of Anatolioside A and compound 1 at ratios 3:1 
Table 3: Biological activities of compounds 1-6 in J.subtriplinerve Blume from Krause et al 
structures are found in figure 3. 
3.2.1.2. Thi Ninh Hai Nguyen et al4,17,18,19 
3.2.1.2.1. Antimicrobial activity 
 Three in vitro (diffusion, dilution, and bioautographic methods) and one in vivo (blood 
infection on mice) were used to test antimicrobial activity. 
• The results of diffusion method showed that 40%, 90% EtOH and water extracts of 
J.subtriplinerve are strong effects against S.aureus, S.haemalyticus, S.shigae, S. 
dysenteriae, and S.typhy; weaker against P.aeruginosa, E.coli, S.sonnei, S.flexner and 
not having effects on B.subtilis, B.mycoides, S.epidermidis and C.albicans. In addition, 
40% EtOH extract and water extract are having more effects than 90% EtOH extract. 
• In dilution experiment, two strains of bacteria were used: S.aureus 209p and 
S.dysenteriae with penicillin, streptomycin, and chloramphenicol as antibiotic agents. MIC 
(minimal inhibition concentration) displayed the water extract inhibited the S.aureus at 
0.8mg/ml, much higher than penicillin (1µg/ml) and streptomycin (6 µg/ml). Moreover, the 
higher MIC was observed at 1.2mg/ml influence on S.dysenteriae, while the MIC of 
chloramphenicol is only 1µg/ml. 
• Four components of J.subtriplinerve isolated, include syringin, terpenes, 
glycosides, and flavonoids, were test effects against S.hemolyticus by using 
bioautography method. Antimicrobial compounds are appeared as yellow spots on TLC 
against a red background 
• In vivo antimicrobial experiment was carried out the infection blood on rat by 
S.typhy Q.T.54 strain. Oral administration of the water extract of J.subtriplinerve at dose 
5g/kg bw four days before injection of 0.2ml with 3.3x106 bacterium concentration. The 
percentage of rat survival after treatment was 78% compared with 55% of negative 
control. 
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 According to Nguyen et all, on most of the test bacteria strains, 40% EtOH extract and 
water extract are having stronger effects than the 90% EtOH extract. This cause by the 
solubility of the antimicrobial compounds in J.subtriplinerve is easier to extract in polarity 
solvent. 
3.2.1.2.2. Anti-inflammatory activity  
 They test both acute and chronic anti-inflammatory effects of J.subtriplinerve on rats.  
• In acute experiment, three inflammatory agents carragerin, kaolin and serotonin, 
were used to cause the paw swelling. The effects of the 40% EtOH extract were evaluated 
by the reduction in paw swelling after treatment. The results proved that 40% EtOH 
extract had reduced 33.9% and 44.2% paw swelling of rats causing by carragerin and 
kaolin, respectively, at dose of 2g/kg bw. In orally dose of 15g/kg bw, with serotonin 
inflammatory agent and Analgin (0.2 g/kg bw), the 40% EtOH extract can reduce 
obviously the paw swelling 78%, as same as Analgin, 77%. 
• In vivo tumor test, which formed by hypodermic on back of rat, is widely used as 
chronic anti-inflammatory models. The 40% EtOH extract was used everyday in both oral 
administration at dose of 1g/kg bw and injection at dose of 10g/kg bw. After one-week 
treatment, the weight of granuloma was decreased obviously 21% and 31.8% with oral 
administration and injection, respectively, in compared with non-treated control.  
• The 40% EtOH extract showed inhibit effects on sweetbread of young rats, which 
plays an important role in the lymphocyte systems. In normal, most the anti-inflammatory 
drugs can either having involution influence on sweetbread or effect against the chronic 
anti-inflammatory. Therefore, the sweetbread involution of young rats showed that the 
drug is having anti-inflammatory activity. For dose of 2g/kg bw hypodermic injection, the 
weight of their sweetbread is decreased 28.8% indicated the anti-inflammatory activity of 
J.subtriplinerve. 
3.2.1.2.3. Antipyretic activity 
 The water extract possessed antipyretic activity by slowing down the increasing of 
body heat of pyretic rabbit by oral administration at dose of 10g/kg bw by 0.3oC. In 
addition, the time to get the maximum temperature of pyretic rabbit treatment by 
J.subtriplinerve was 2hours and 30 minutes much longer than 1 hour and 30 minutes of 
the non-treated control group. 
3.2.1.2.4. Increase healing rate of wounds, relieve pain, and protect 
gastric mucous membrane. 
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 The wound on rat was made by cutting back skin with a 250mm of average diameter. 
Then appling the grease of J.subtriplinerve on the wound and measuring the area of the 
wound after one, five, seven, ten , thirteen and fifteen days, then compared with group  
that using Vaseline and Deflamol. The results showed that the wound was healing quicker 
than the control. 
Days/ % 
Group 
0 1 5 7 10 14 15 20 
Vaseline 0 10 35 39 56 62 66 95 
Deflamol 0 3 23 23 55 68 79 95 
J.subtriplinerve  
grease 
0 28 57 63 89 92 92 100 
Table 4: The percentage of wound healing area (mm2) that treatment with Vaseline, 
Deflamol and J.subtriplinerve grease.  
 The ability of protection of gastric ulcer of J.subtriplinerve was significant activity. 
These authors observed the injury of gastric ulcer, gastric juice and calculated the ulcer 
index on rats that are treatment with oral administration at dose of 5g/kg bw of water 
extract. The experiment was following: 1) The rats were oral administration of water 
extract in five days. In the evening of the last fifth day, let the rats starved. 2) In the sixth 
day, two hours before the rats were operated for fastening their pylorus, let the rats being 
oral administration of water extract. 3) After 24hr, kill the rats and observed their stomach. 
Then measuring the volume of gastric juice, testing the free and total acid of gastric juice, 
finding the ulcer inside the gastric and calculating the ulcer index are included. The 
exhibition of the water extract reduced the ulcer index to 3.8, in comparison with 9.7 of 
control. 
3.2.1.2.5. Accelerate the exudation of gall 
 The galls of the rats were being drainage out of their body. Then the 40% EtOH 
extract was injected to duodenum at dose of 10g/kg bw. After observing the flow volume 
of exudation of gall and its dried weight, it showed that the volume and the weight of the 
treatment rats were increased to 122% and 127% in compared with 94.7% and 92% of the 
control, respectively. 
3.2.1.2.6. Effects on intestinal and uterine spasm 
• The model for testing the effectively spasm on rat intestine was followed by adding 
the BaCl2 1% and Acetylcholine to small intestine which isolated and growth in the culture 
medium. These agents would raised the peristaltic or counteract of the intestine that like 
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pathological signs of human. After adding the water extract, the peristaltic of intestine 
were marked reduced.  
• In addition, the water extract present the influence on isolated and growth uterus of 
rats. When adding 0.1ml water extract into 30ml growth medium containing uterus, the 
systalic of uterus was reduced. This effectiveness was similar to Papaverin 1mM at dose 
of 0.3ml for 30ml culture medium. The effects on uterus are approximate with folk 
experiences, which use J.subtriplinerve for menstruation pains. 
• Further, water extract was also carried out the clinical test on pregnant after giving 
birth at Hoa Vang Hospital. The water extract replaced for Sunfamit or other antibiotics 
either combination to reduce the antibiotic doses. The results were exhibited that 253/254 
cases (natural and operated bearing) were no infection when using water extract 
combination with vitamin B1 or tetracycline. The water exacts was used at dose of 30ml x 
7 days coupled with tetracycline (4 tablets x 3 to 4 days). 
Pregnant Case Dose (ml) x days Combination Results 
Normal bearing 164 30 x 1 Vitamin B1 No infection 
36 30 x 7 Vitamin B1 Dried Incision and no infection 
20 30 x 7 
4 tablets of  
Tetracycline 
0.25 x 3 
Dried incision and 
no infection 
Operated bearing 
28 30 x 7 
4 tablets of  
Tetracycline 
0.25 x 4 
27/28 case had 
dried incision and 
no infection. 
1/28 the incision is 
opened. Therefore, 
she had to use 
antibiotics for more 
3 days. 
Having a forceps 
delivery 4 30 x 7 
4 tablets of  
Tetracycline 
0.25 x 3 
Dried incision and 
no infection 
Fetus die in the 
womb 2 30 x 4 
4 tablets of  
Tetracycline 
0.25 x 4 
Dried incision and 
no infection 
Table 5: Clinical results on pregnant at Hoa Vang Hospital, Vietnam. 
3.2.1.2.7. Acute and chronic toxicity 
3.2.1.2.7.1. Acute toxicity 
 The 40% EtOH extract was introduced to the rats by injection directly to stomach at 
range of dose from 150 to 300g/kg bw and the water extract was injected through the 
peritonaeum at dose from 6 to 40g/kg bw. Calculating the rat survival in 3 days, LD50 are 
214±20g/kg bw (stomach injection) and 17.3±3g/kg bw (peritonaeum injection). This mean 
15 
that J.subtriplinerve is very little toxic. With an LD50 around 214 g/kg in rats it should be 
below 10 times lower in humans (eg. 21 g/kg bw or 1.7 g/kg bw). Therefore, a dose at 
30g/person per day in traditional therapy, the effect of J.subtriplinerve is mildly or nearly 
no actions. 
3.2.1.2.7.2. Chronic toxicity 
 During 30 days, twenty rabbits were injected 40% EtOH extract directly to their 
stomach at dose of 10g/kg bw per day and be investigated their biochemical and 
hematology index such as leukocyte, erythrocyte, total protein, plasma, urea, GOT, GPT. 
There are no differences between the test group and the control group not only about the 
biochemical and hematology index but also the liver, kidney and suprarenal either naked 
eyes or microscope observation. It proves that J.subtriplinerve was used, as tea for daily 
not infected the body. 
3.2.1.2.8. Effects on cardiovascular 
 Negligible effects on cardiovascular observed by  electrocardiogram and blood 
pressure of cats and rats. The water extract was injected directly to vein at dose of 
500mg/kg bw for rats or 150 to 600mg/kg bw for cats. Observation in 30 minutes, 
recorded electrocardiogram and blood pressure in every 3 minus. 
3.2.2. Other species 
• EtOH extract of J.grandiflorum Linn. was surveyed the chemopreventive efficacy and 
anti-lipid peroxidative potential on 7,12-dimethylbenz(a)anthracene (DMBA)-induced rat 
mammary carcinogenesis. It has been shown to prevent DMBA-induced mammary 
carcinogenesis, which formed by subcutaneous injection of 25mg DMBA/1ml emulsion of 
sunflower oil and physiological saline, at dose of 300mg/kg bw one week before the 
administration of DMBA, for 14 weeks and inhibit the formation of reactive oxygen species 
in mammary cancer throughout the estimation of blood and breast tissue. Nevertheless, 
bioactive principles were not isolated and characterized20. 
• In another study on Jasmine (J.grandiflorum L.), it has a spasmolytic activity on 
guinea-pig ileum and rat uterus in vitro21. 
• By bioactivity-guided using an in vitro Angiotensin (a polypeptide in the blood that 
causes vasoconstriction, increased blood pressure, and aldosterone release from the 
adrenal cortex) converting enzyme-ACE inhibition assay, above compounds of interested 
fractionations of extracts were isolated according to Somanadhan Brinda et al. The IC50 
values of purified ACE inhibitors were 26-36 µM.  
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 Even though the bioactivities of this genus are still little studies, it is showed that there 
are presented significant activities such as spasmolytic activity of intestine and uterus, 
prevent infection, and inflammatory…  
 Furthermore,. Specifically, summary of chemical constituents and pharmacology of 
J.subtriplinerve proved it as a prospective subject for more delving. Moreover, the studies 
will focus on related bioactivities with previous experiments. 
4. BIOSYNTHESIS OF TRITERPENOIDS AND STEROL22,23,24 
 Even though, there are a great number of bioactive compounds from natural 
sources isolated and characterized of, structure modified for optimization of their activity 
and other physical properties, the yield of pure compounds are not sufficient for either 
advanced researching or producing drugs. However, the synthesis or biosynthesis of 
natural products has provides a powerful means in either obtaining natural products in 
bulk amounts or causing the different biologically active products. As a result, 
understanding clearly the biosynthesis of interested metabolites is the first choice for 
scientist initials to synthesis them following the natural pathway or developed way. In 
addition, biosynthesis is useful to elucidate the structures of compounds present in nature. 
In this report, pentacyclic triterpene and phytosterol are interested. 
 Pentacyclic triterpene, which is having 30 carbon atoms with pentacyclic skeleton, is 
one of classification of Terpenoids. In addition, phytosterol is appertained Steroids, which 
are modified from triterpenoids, including stereochemistry and molecular shape. 
 The two pathways leading to terpenoids are described: the mevalonate pathway and 
the recently discovered mevalonate-independent pathway via deoxyxylulose phosphate. 
OPP
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OPP
Demethylallyl PP
(DMAPP) (C5)
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C15
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Triterpenoids
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Mevalonic acid Deoxyxylulose Phosphate
 
Figure 8: Mevalonate and Deoxyxylulose pathway to form Triterpenoids and Steroids  
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 Biosynthesis of pentacyclic Triterpenoids and Phytosterols consist of the following 
steps 
i. Pyruvate, which is formed from glucose, is further converted to acetyl coenzyme-A 1 
and couple another one to form acetoacetyl coenzyme-A 2 
ii. The combination of acetoacetyl-coenzyme-A and acetyl coenzyme-A to produce 
hydroxymethylglutaric acid 3 which in turn forms the key-intermediate, 3R-mevalonic acid 
(MVA) 4 
iii. MVA is phosphorylated by APT to give mevalonic acid MVA-5-diphosphate  which 
undergoes decarboxylation to furnish isopenetenyl diphosphate(IPP) 5 
iv. IPP is isomerised by catalytic action of sulphhydryl enzyme IPP-isomerase to afford 
dimethylallyl diphosphate (DMAPP) 6 
6 CO2   +   O2                    C6H10O6                CH3COCOOH                   CH3CO-SCoA
sunlight
Pyruvic acid
CH3COCH2CO-SCoA         + 1
-OOC CO-SCoA
OH
-O
O
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HRHs
H
H CH2OPP
HR HS
1. Acetyl Coenzyme-A
2. Acetoacetyl Coenzyme-A3. Hydroxymethylglutaric acid
4. 3R-mevalonic acid (MVA)
             ATP
a. Mevalonate kinase
b. Phosphomevalonate kinase
c. Decarboxylase
5. Isopenetenyl diphosphate (IPP)
IPP isomerase
6. Dimethylallyl diphosphate (DMAPP)
x2
OPP
 
Figure 9: Biosynthesis to DMAPP 
v. Combination of DMAPP and IPP catalyzed by enzyme geranyl transferase results to 
form geranylpyrophosphate 7 and farnesyl 8.  
vi. Two molecules of farnesyl pyrophosphate couple with each other through the 
cyclopropane intermediate and by the transfer of hydrogen from NADPH to furnish 
squalene. 
vii. Squalene is the precursor of all triterpenoids and steroids. 
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Figure 10: Biosynthesis to Farnesyl-geranylpyrophospahte 
viii. Squalene is converted to Squalene oxide (2,3-epoxide squalene). Biding of squalene 
or squalene oxide in a distinct conformation to active site of the cycles. From this, 
pentacyclic triterpenoids and phytosterols such as lupeol (A1-A3), oleanolic acid (A1-A2, 
C1-C3), and β-sitosterol (B1-B3) are formed. 
O
10. Squalene Oxide9. Squalene  
Figure 11 : Forming Squalene oxide 
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Figure 12: Biosynthesis of Lupeol, β-sitosterol, and Oleanolic acid 
To form Lupeol, these steps are occurred: 
• Cyclisation of squalene oxide. 
• Activation of a cyclisation by protonation: damarenyl cation (A1) and lupenyl cation 
(A2) 
• Loss a proton. 
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 From lupenyl cation, carbon skeleton rearrangement by concerned 1,2-shift of hydride 
to compose oleanyl cation (C1). Ring expansion in the lupenyl cation by bond migration 
gives the oleanyl system, and labeling studies have demonstrated this ion is discharged 
by hydride migrations and loss of a proton, giving the widely distributed β-amyrin (C2). 
The oxidation of methyl group gives oleanolic acid. 
 The cyclisation and Wagner–Meerwein rearrangements appear to be catalyzed by a 
single enzyme, which converts squalene oxide into the cycloartenol (B1). The C-24 
alkylation, the loss of C-4, C-14a methyls and opening cyclopropane with migration double 
bonds are present the citrostadienol (B2). Finally, β-sitosterol (B3) is obtained. 
 
5. AN OVERVIEW OF THE ANALYTICAL METHODS 
 Nowadays, the interest in study of natural products is growing rapidly, especially as 
part of drug discovery programs. There are various methods available for the extraction of 
secondary metabolites from plants. Specific extraction protocols for certain classes of 
compounds are also discussed. However, how to extract effectively is influenced of the 
method selections and suitable solvents. 
5.1. Extraction Techniques 
5.1.1. Solvent Extraction  
 Solvent extraction is widely used and long-standing methods in studies of natural 
products. 
5.1.1.1. Maceration 
 This is simple, and still widely used, procedure involves leaving the pulverized plant to 
soak in suitable solvent in a closed container at room temperature. To increase the speed 
of extraction, occasional or constant stirring is added. However, this method also has 
limitations. Its main disadvantage is a time-consumption process. Besides that, to extract 
exhaustively, a large volume of solvent is used. In addition, some compounds are not be 
extracted effectively because of insolubility at room temperature.  
5.1.1.2. Percolation 
 The powdered material is soaked initially in a solvent in a percolator. Additional 
solvent is then poured on top of the material and allowed to percolate slowly out of the 
bottom of the percolator. As maceration, it also takes time and volumes of solvents. 
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5.1.1.3. Soxhlet extraction 
 This method is convenient and widely used for extraction because of its continuous 
process, less time and solvent-consumption than maceration and percolation. The 
powdered plant is placed in a Soxhlet apparatus, which is on top of a collecting flask 
beneath a reflux condenser. A suitable solvent is added to flask and the set up is heated 
under reflux. The steam of the solvent, which contacts with material will dissolve 
metabolites and brings back to flask. Because of the boiling point of the solvent used, the 
heat may damage the metabolites. 
5.1.1.4. Refluxing extraction 
 Material is inundated in solvent in a round-bottomed flask, which is connected to a 
condenser. The solvent is heated until it reaches its boiling point. As the vapor is 
condensed, the solvent is recycled to the flask. The metabolites may a little damage. 
5.1.2. Supercritical fluid extraction 
 SFE (supercritical Fluid Extraction) has long used in industries for extraction of various 
commercial natural products: coffee, hops, spices, flavors and vegetables oils but still it 
has a limit in natural products extraction. Supercritical fluids (SCFs) are increasingly 
replacing organic solvents because of a solvent-free and environment-friendly method of 
extraction has become the method of choice. 
 The critical point of a pure substance is defined as the highest temperature and 
pressure, which the substance can exist in vapor-liquid equilibrium. Above this point, a 
supercritical fluid is formed. It is heavy like a liquid and has the penetration of gas. These 
qualities make SCFs effective and selective solvent. The choice of the SFE solvent is 
similar to the regular extraction. Principle considerations are the followings:  
• Good solvent properties 
• Inert to the product  
• Easy separation from the product  
• Among SCFs, e.g., ethane, butane, pentane, N2O, CHF3 and water, Carbon 
dioxide is the most commonly used SCF, due primarily to its low critical parameters 
(31.1°C, 73.8 bar), low cost and non-toxicity. However, several other SCFs have been 
used in both commercial and new processes. The critical properties of some commonly 
used SCFs are listed below. 
Fluid Critical Temp. (K) Critical Pres. (bar) 
Carbon dioxide 304.1 73.8 
Ethane 305.4 48.8 
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Ethylene 282.4 50.4 
Propane 369.8 42.5 
Propylene 364.9 46 
Trifluoromethane  299.3 48.6 
Chlorotrifluoromethane 302.0 38.7 
Trichlorofluoromethane 471.2 44.1 
Ammonia 405.5 113.5 
Water 647.3 221.2 
Cyclohexane 553.5 40.7 
n-Pentane 469.7 33.7 
Toluene 591.8 41 
Table 6: Critical conditions for various supercritical solvents 
 Some of the advantages and disadvantages of SCFs compared to conventional liquid 
solvents for separations:  
5.1.2.1. Advantages 
• Dissolving power of the SCF is controlled by pressure and/or temperature. 
• SCF is easily recoverable from the extract due to its volatility. 
• Non-toxic solvents leave no harmful residue. 
• High boiling components are extracted at relatively low temperatures. 
• Separations not possible by processes that are more traditional can sometimes be 
effected. 
• Thermally labile compounds can be extracted with minimal damage as low 
temperatures can be employed by the extraction. 
5.1.2.2. Disadvantages  
• Elevated pressure required. 
• Compression of solvent requires elaborate recycling measures to reduce energy 
costs. 
• High capital investment for equipment. 
 Now, there are various natural products, have been extracted, such as essential oils, 
Flavonoids25, Polyphenols26, Alkaloids27…by this method.  
 When selecting an extraction procedure for natural products, the dependence of 
subjects and the interesting compounds is noticed. If the metabolites are current known, 
extraction is referred to the previous protocol. It will be more difficult for the situation that 
the, natural products are unknown up to now, or the purpose is to extract the components 
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as much as possible. In this case, water miscible and immiscible organic solvent with 
increasing the polarity is used. 
5.2. Chromatographic Methods 
 Chromatography is the method of choice in separating the problem of isolation of a 
compound of interest from a complex natural mixture. There are various methods from 
basic to advance just supporting for isolation and separation compounds effectively. 
5.2.1. Thin Layer Chromatography (TLC) 
 TLC is an easy, cheap, rapid, and basic method for the analysis and isolation of 
organic natural and synthetic compounds.  
 TLC involves the use of a particulate sorbent spread on an inert sheet of glass, plastic, 
or metal as a stationary phase. The mobile phase is allowed to travel up the plate carrying 
the sample that was initially spotted on the sorbent just above the solvent. Depending on 
the nature of the stationary phase, the separation can be either partition (C18 reversed-
phase) or adsorption chromatography (Silica gel, alumina, cellulose, and polyamide). The 
advantage of TLC is that the samples do not have to undergo the extensive cleanup 
steps, and the ability to detect a wide range of compounds, using reactive spray reagents. 
Non-destructive detection (fluorescent indicators in the plates, examination under a UV 
lamp) also makes it possible for purified samples to be scraped off the plate and be 
analyzed by other techniques. 
5.2.1.1. Preparative TLC (PTLC) 
 Pre-TLC has long been a popular method as a primary or final purification step in an 
isolation procedure. Separation can be effected rapidly and the amount of material 
isolated is from 1mg to 1g. The sorbent thickness of PTLC is 0.5-4mm is compared with 
analytical TLC (0.1-0.2mm sorbent thickness). In commercial available PTLC plates, 
sorbents silica, alumina, C18 and cellulose are usually of thickness 0.5, 1.0, and 2.0mm. 
Nevertheless, there are also having advantages and disadvantages. 
5.2.1.1.1. Advantages  
• Simple technique. 
• Low cost than the others instrument, for example, HPLC or CC. 
• Isolate compounds quickly in milligram to gram range. 
• Almost any separation can be achieved with the correct stationary phase and 
mobile phase. 
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5.2.1.1.2. Disadvantages  
• Poor control of detection and elution compared to HPLC. 
• Manual operation. 
5.2.1.2. TLC bioassays  
 In addition, the simplicity, and the ability of TLC to separate mixtures quickly with little 
expense, it can be readily used to detect biological activity of separated components. 
Currently, TLC bioassays are used more and more widely. There are some assays. 
5.2.1.2.1. Antioxidant TLC bioassays 
 Antioxidant subtracts are very important and valuable components for human healthy. 
Therefore, identify their presences in mixture easily and quickly is convenient for further 
experiment. To investigate the antioxidants, DPPH˙ (2,2-diphenyl-picryhydrazyl) radical is 
used. The DPPH˙ is stable radical, and in the presence of radical scavengers, it is 
converted from a purple to a yellow color. Their antioxidant activity was discovered by 
running a TLC plate with these samples, with concentration ranging from 0.1 to 100µg. 
The plates were dried, sprayed with a DPPH˙ solution (2mg/mL in methanol), and left for 
half an hour. Antioxidant compounds appeared as yellow spots against a purple 
background. 
 
Figure 13: Some antioxidants are identified by antioxidant TLC assay 
5.2.1.2.2. Antimicrobial TLC bioassays 
 TLC bioassays against fungi and bacteria have proved exceptionally popular owing to 
their ease of use, low cost, rapidity and ability to be scaled up to assess antimicrobial 
activity of a large number of samples28. Generally, TLC plates are running and then the 
microorganism is applied to the plate, as a spray (in case of direct bioautography) or plate 
is cover with a growth medium containing the microorganism in dish or tray (overlay 
assay)29.  
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 A triterpene saponin, sakurasosaponin, was isolated from R. melunophloeos, a tree 
found in southern Africa. Based on direct bioautography, it was active in the C. 
cucurnerinum TLC bioassay at dose 1  µg and also against B. glubrutu snails30. 
 These simple bioassays will continue to prove useful in antimicrobial activity of natural 
product extracts. 
5.2.2. Column Chromatography (CC)  
 CC consists of a column of particulate material such as silica or alumina that has a 
solvent passed through it at atmospheric, medium, or low pressure. The separation can 
be liquid/solid (adsorption) or liquid/liquid (partition). Most systems rely on gravity to push 
the solvent through, but medium pressure pumps are commonly used in flash CC. The 
sample is dissolved in a solvent and applied to the front of the column (wet packing), or 
alternatively adsorbed on a coarse silica gel (dry packing). Use a ratio of 100g of silica gel 
/ g of crude sample for relatively easy separation. In difficult separation, a ratio can be up 
to 5 times. The solvent elutes the sample through the column, allowing the components to 
separate. Normally, the solvent is non-polar and the surface polar, although there are a 
wide range of packing including chemically bound phase systems. The solvent is usually 
changed stepwise, and fractions are collected according to the separation required, with 
the eluting products usually monitored by TLC. The solvent system is developed using 
TLC. Compare TLC plate and choose the system that retains the compounds of interest at 
Rf=0.2-0.3. In case of crude extract, the mobile phase that makes the highest spot at 
Rf=0.5 should be the initial solvent. The solvent system that keep the lowest spot at about 
Rf=0.2 can be used as the final eluent for CC. 
 The technique is not efficient, with relatively large volumes of solvent being used, and 
particle size is constrained by the need to have a flow of several ml/min. The advantage is 
that no expensive equipment is required, and the technique can be scaled up to handle 
sample sizes approaching gram amounts. 
5.2.3. Gel Permeation Chromatography (GPC) 
 It is also called sized exclusion chromatography, which is predominantly used for 
fractionating and purifying proteins and oligosaccharides but has also been used for 
separation of lower molecular weight molecules. This is based on the ability of molecules 
to move through a column of gel that have pores of clearly defined sizes. The larger 
molecules cannot enter the pores, and therefore, they move faster through the column 
and elute first. Slightly smaller molecules can enter some pores, and so take longer to 
elute, while small molecules can be delayed further. The commonly used gel in natural 
products lab is Sephadex LH-20 to separate chlorophyll from compounds of interest, 
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where usually chlorophyll elutes first. For CC, the particles sizes are normally between 10 
and 200µm, while for HPLC, they are between 2 and 10µm. The advantage of the 
technique is simplicity, is isocratic, and large molecules rapidly elute. However, the 
columns are expensive and sensitive to contamination; consequently, they are mainly 
used in applications where alternative separation techniques are not available, and 
samples are clean. 
5.2.4. Gas Chromatography (GC) 
 This is very useful to analysis violate compounds in natural products. The mobile 
phase in GC is a carrier gas to convey the sample in a vapor state through stationary 
phase. The columns of stationary phase are capillary or packed of silica. Nevertheless, 
capillary column is more used. The column is installed in an oven that has temperature 
control, and the column can be slowly heated up to 350-450°C starting from ambient 
temperature to provide separation of a wide range of compounds. The carrier gas is 
usually hydrogen or helium under pressure, and the eluting compounds can be detected 
several ways 1) “universal” including flames (flame ionization detector-FID), by mass 
spectrometry (MS), or by changes in properties of the carrier (thermal conductivity 
detector-TCD). Among them, FID and MS is very common applied in organic compounds 
and is the appropriate tool to investigate essential oils, the other is only used to analysis 
gases; 2)“selective” (ECD, NPD, FPD…) detection for substances which are having 
negative electric atoms or function groups, such as Halogen, N, P CN … 
5.2.4.1. Advantages 
• Low viscosity of gas allows for the use of long columns (up to 60m). 
• Requires thermally stable compounds that are also volatile (b.p.< 300ºC). If a 
compound does not have these attributes it may be possible to derivative it to a 
compound that does. 
• High gas flow rate allows for fast analysis. 
• Can be automated 
• Many different detection methods allow for analysis of molecules containing 
specific functional groups, e.g. halogens or nitrogen. 
• Can detect very small quantities 10-12 g. 
• Widely applicable to many different compounds, examples, essential oils and non-
polar compounds. 
5.2.4.2. Disadvantages 
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• Not applicable to non-volatile compounds. 
• Requires the use of relatively expensive equipment. 
• Requires skilled operators. 
5.2.5. High Pressure Liquid Chromatography (HPLC) 
 Currently, HPLC plays an important role not only in science research field but also in 
many application areas such as the pharmaceutical industry. HPLC is a development of 
column chromatography. To improve resolution, HPLC columns are packed with small 
sized particles (3, 5, 10µm) with a narrow size distribution. Flow rate and column 
dimensions can be adjusted to minimize band broadening. The required pressures are 
supplied by pumps that could withstand the involved chemicals. The selection of solvents 
and eluent condition (gradient or isocratic) are upon to the mixture components and the 
interested compounds. The commonly used detector in HPLC systems are 
Ultraviolet/Visible (UV/Vis), Refractive index (RI), evaporative light-scattering (ELS), MS, 
Fluorescence detector. 
 In most analyses of iridoids and secoiridoid, HPLC-MS is preferred. Some secoiridoid 
glycosides were identified from Gentiana rhodantha by this technique31. 
UV detectors are not only places constraints on the solvents that can be used but also is 
limited to absorbing compounds. RI detectors although considered universal cannot easily 
be used with solvent gradients. However, recently, the ELS has emerged as a universal 
detector. 
 ELS works by passing the eluate through a heated nebulizer to volatilize the eluate 
and evaporate the solvent. The solvent is carried away as a gas but the solute form is a 
stream of fine particles, which passes between a light source and detector and scatters 
the light. The detector measures this scattering effect.  
 The advantages of ELS that it is applied for detection of non-volatile and semi-volatile 
samples and the unprocessed of chromophore compounds. In addition, it can be used 
with both the isocratic and gradient eluent conditions. But this type of detector can be 
used for all solutes having a lower volatility than the mobile phase. If any compounds are 
having the boiling point close to mobile phase, they cannot be detected because of the 
misapprehension to the background  
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Figure 14: Schematic diagram of an elementary (left) and the Applied Chromatography 
Systems (A.C.S.) Ltd (right) ELSD. 
 The novel heterocyclic dipeptides, Aspergillazines A–E, from an Australian strain of 
Aspergillus unilateralis are determinate by using HPLC-ELSD32. 
 Analytical HPLC is used just for separation and identification of a small amount 
mixture of samples but the pure isolated compounds cannot be collected. However, crude 
extracts consist of a mixture of numerous components. Therefore, to isolation or 
purification fast and efficiently a large amount, preparative HPLC is developed. Prep-
HPLC uses one of these kinds: normal phase, reversed phase, gel permeation, and ion 
exchange chromatography. Nevertheless, reversed phase with C8 and C18 is preferred 
for isolation most classes of natural products.  
 The ELSD coupled with a reversed-phase HPLC system and a Partisan ODS-3 
column provides a simple means for the identification and quantification of ginsenosides 
(triterpenes saponin) from root of Panax Ginseng. 
 Further more, a validated and repeatable HPLC method with online ELSD was 
developed for the analysis of two sterols, stigmasterol, β-sitosterol and a stanol, 
stigmastanol, found to be common in many herbal formulations and health care 
supplements. It is using C8 column and methanol: water (95:5 v/v) as the mobile phase 
with a flow rate of 1 ml/min to separate all the compounds33. 
5.2.6. Reversed-phase silica gel Chromatography  
 Reversed phrase is applied to separate natural products that having extremely high 
polarity. These polar compounds cannot be isolated by using normal phase because they 
contain function groups, such as carboxylic acid, amines, etc…that are strongly absorbed 
on silica gel. This chromatography is that the stationary phase is non-polar and the mobile 
phase is very polarized. The stationary phases are hydrophonic surfaces of moieties 
bonded on silica (C18, C12, C8, C5, Phenyl, CN). The eluent used commonly comprised 
a mixture of water and miscible organic solvent, usually MeCN, MeOH, THF. Bonded 
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phase systems usually utilize partition mechanisms. Separation mechanism involves the 
relative solubility of the compound between the stationary phase and the mobiles phase. 
Compounds is more soluble in mobile phase will elute faster than the others that are more 
soluble in the stationary phase. That means the polar compounds will be obtained before 
the non-polar compounds. For analyzing aromatic natural products, phenyl-silica is very 
useful. Moreover, Phenyl ether is an ideal for extremely polarized aromatic compounds 
separation. Because of the higher cost associated with bonded-phase silica phases, the 
use of these types of stationary phase in CC is not usual than TLC and HPLC. 
Si CH2(CH2)6CH3
RP-8 C8
Si CH2(CH2)16CH3
ODS C18
Si CH2(CH2)3
Phenyl  
Figure 15: Some kinds of reversed-phase  
5.3. Spectroscopic Techniques 
5.3.1. Nuclear Magnetic Resonance Spectroscopy (NMR) 
 NMR has become a very important spectroscopic method and the premier organic 
spectroscopy available to chemists to determine the detailed chemical structure of the 
chemicals they were isolating from natural products. NMR spectroscopy is routinely used 
by chemists to study chemical structure of simple molecules using simple one-
dimensional techniques (1D-NMR). Two-dimensional techniques (2D-NMR) are used to 
determine the structure of more complicated molecules. Suggested tactics for solving 
structure-using NMR are following34.  
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Figure 16: Suggested tactics for solving structure-using NMR 
5.3.1.1. One dimensional NMR 
5.3.1.1.1. Proton NMR (1H-NMR) 
 The area under the plots provides information about the number of protons present in 
the molecule, the position of the signals (the chemical shift) reveals information regarding 
the chemical and electronic environment of the protons, and the splitting pattern provides 
information about the number of neighboring (vicinal or geminal) protons. The abscissa 
shows the chemical shift (δ) values of the different type of protons and the ordinate shows 
the intensities of the signals. For instance, proton NMR data of a monoterpene, Citral 
(C10H16O), isolated from lemon grass oils. The signals of protons attached to saturated 
carbon atoms such as methyl, methylene, as well as methine groups appear between δ 
0.8 and 2.4 ppm. The most intense peaks arise from the methyl groups. The less intense 
peaks arise from both the methylene as well as the methine groups. The signals between 
Chemical analysis Molecular formula 
Double bond equivalents 
1H NMR 
Typical 1H chemical shifts 
13C NMR 
Typical 13C chemical shifts 
Functional groups 
Number of non-equivalent protons or carbons
Number of protons in each group 
Structural fragments
CH multiplicities from DEPT 
CH or HC COSY (HMQC) CH bonds 
CH COLOC or HC HMBC: 2JCH and 3JCH 
relationships between carbon and protons 
HH COSY or TOCSY 
assemble fragments 
CH COLOC or HC HMBC 
assemble fragments TOCSY 
Molecular skeleton 
3J HH coupling constants 
HH NOE difference spectra 
HH NOESY or HH ROESY 
3JCH coupling constants 
13C chemical shifts 
(γ effects) 
Relative configuration 
(Possibly also conformation of structural fragments) 
Complete molecular structure 
HH multiplicities and coupling constants 
HHCOSY or TOCSY 
Geminal, vicinal and other relationships 
between protons 
High resolution molecular mass 
(Mass spectrum) 
31 
δ 4.8 and 5.9 ppm correspond to the olefinic methine groups. Further, the signal from 9.0 
to 10.0 ppm is typical for aldehyde groups (figure). 
5.3.1.1.2. Carbon NMR (13C-NMR) 
 Similar to proton NMR, carbon NMR is a plot of signals arising from the different 
carbons as a function of chemical shift. The signals in 13C-NMR experiments normally 
appear as singlets because of the decoupling of the attached protons. Different 
techniques of recording of the 13C-NMR has been developed so that it is possible to 
differentiate between the various types of carbons such as the primary, secondary, tertiary 
and quaternary from the 13C-NMR plot. The range of the chemical shift values differs 
between the 1H (normally 0-12ppm) and 13C-NMR (normally 0-230ppm, and this wide 
range allows the peaks to be more widespread which give structure elucidation easier) 
that arises from the two nuclei having different numbers of electrons around their 
corresponding nuclei as well as different electronic configurations. The most important 
technique in 13C-NMR is Distortionless Enhancement by Polarization Transfer (DEPT). It 
determines the number of hydrogen attached to a given carbon. In DEPT-45, only carbon 
atom that bear an attached hydrogen will produce a peak, DEPT-90 shows peaks only for 
carbon atoms that are a part of a methine (CH) group and in DEPT-135, methine and 
methyl carbon give rise to positive peaks, whereas methylene carbons appear as inverse 
peaks. 
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 Chemical Shifts:  
1H 1.65 (d, 6H, C-7 methyls),    
 2.15 (s, 3H, C-3 methyl),  
 2.11 (m, 2H, C-4),    
 2.24 (m, 2H, C-5),  
 5.0 (d, 1H, H-6),    
 5.8 (d, 1H, H-2),   
 9.84 (d, 1H, H-1) 
 
13C 1 2 3 4 5 6 7 8 9 10 
δ(ppm) 190 127.5 162.1 40.5 26,5 123.5 132.3 25.3 17.4 17.0 
DEPT-45 + + + + + + ∅ + + + 
DEPT-90 + + + ∅ ∅ + ∅ ∅ ∅ ∅ 
DEPT-135 + + + - - + ∅ + + + 
Figure 17: Structure and chemical shifts of Citral 
5.3.1.2. Two dimensional NMR  
 With compounds that having a complex skeleton. Currently, the common 2D-NMR 
experiments that appear in papers concerned with structural elucidation of natural 
products include the homonuclear 1H, 1H-COSY as well as NOESY and the hetronuclear 
1H, 13C-HMQC as well as HMBC.  
5.3.1.2.1. 2D 1H, 1H-1H COSY (COrrelated SpectroscopY)  
 The COSY experiment provides a means of identifying mutually coupled protons and 
is the most widely used 2D experiment. It finds use when the homonuclear decoupling 
experiment is unsuitable, for example in complex spectra, where selective decoupling is 
not possible because of resonance overlap. The COSY experiment is a very efficient way 
of establishing connectivities when a large number of coupling networks need to be 
identified, involving 2J, 3J and 4J, as it maps all correlations with a single experiment and is 
now more frequently used than homonuclear decoupling. 
 On both axes are shown the 1H-NMR of the compound. By drawing a straight line from 
any of the dark spots to each axis, one can see which protons couple with one another, 
and which are therefore attached to neighboring carbons. 
 In the HH-COSY spectrum of Citronellol, a diagonal line and extending vertical and 
horizontal from each spots on the diagonal are drawn to identify the correlations. The 
proton on C6 is obviously coupled to proton on C5 and two methyl groups at C8 and C9 
4
3
2
10
CHO
5
6
7
98
Citral
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through four-bond (allylic coupling). The splitting of methyl protons at C10 are caused by 
methine protons at C3 despite the spot of C3 is obscured. 
 
Figure 18: HH-COSY spectrum of Citronellol 
5.3.1.2.2. Heteronuclear Correlation Spectroscopy (HETCOR)  
 HETCOR experiment is to observe the correlation between carbons and protons in 
molecular compounds. It provides a sensitive way to identify carbons and protons that are 
directly bonded to another. Each spot indicates a carbon atom that bears the 
corresponding protons. The chemical shifts of 13C are on an axis, the other is 1H chemical 
shifts.  
 In HETCOR spectrum of Citronellol, it will be easy to see if drawing correlation lines. 
The carbon peak at 19 ppm and the proton doublet at 0.9ppm correspond to the methyl 
group at C10; the carbon peaks at 17 and 25ppm and the proton singlets at 1.6 and 
1.7ppm correspond to methyl groups at C8 and C9. The carbon on C6 (125ppm) bonding 
to proton at 5.2 ppm is methine group. The protons multiplets at 3.8ppm are connect to 
carbon at 61ppm as C1, ect. 
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Figure 19: HETCOR spectrum of Citronellol 
5.3.1.2.3. Heteronuclear Multiple Quantum Correlation (HMQC) 
 The HMQC experiment provides correlation between protons and their attached 
heteronuclei through the heteronuclear scalar coupling. This sequence is very sensitive as 
it is based on proton detection instead of the detection of the least sensitive low gamma 
heteronuclei. The basic idea behind this experiment is related to the echo difference 
technique, which is used to eliminate proton signals not coupled to the heteronuclei. From 
this experiment, important information regarding the number and chemical shifts of 
methyl, methylene and methine groups can be extracted. The abscissa of the spectrum 
shows the proton signals, and the ordinate shows the carbon signals. The spots in the 
spectrum indicate which protons signal is attached to which carbon and the nature of the 
signals, i.e. whether the signal is due to a methyl, methylene or methine carbon. Since 
quaternary carbons have no attached protons, they do not appear in HMQC plots. 
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Figure 20: HMBC spectrum of Menthol 
5.3.1.2.4. Heteronuclear Multiple Bond Correlation (HMBC) 
 The HMBC experiment detects long-range coupling between proton and carbon (two 
or three bonds away) with great sensitivity. The experiment can be adjusted to detect 
relatively large coupling constants (4-10 Hz) or smaller. This experiment in conjugation 
with 1H, 1H-COSY enables the elucidation of the skeleton of the compound under study.  
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Figure 21: HMBC spectrum of Menthol 
5.3.2. Infrared spectroscopy (IR) 
 IR is used to probes bond vibrations and bending in molecules. Therefore, this is a 
simple method to reveal the types of functional groups present in compound. Functional 
group region in the range from 4000-1600 cm-1 can be divided into three bands: 
• OH, NH, C-H 
• C≡C, C≡N, X=C=Y (C,O,N,S) 
• C=O, C=C 
 Finger print region has very little information about functional group and used only to 
compare two compounds. The range is 1550-660 cm-1.  
 IR spectra can be measured either as solution (in CHCl3) or in the solid state mixed 
with KBr or as thin liquid film. The range of measurement is from 4000-660 cm-1. The 
frequency is from 6x1011 to 4000x1011 Hz. 
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5.3.3. Ultraviolet spectroscopy (UV)  
 Energy of Ultraviolet/Visible is 7.5x1014 to 300x1014 Hz, which to probes outer core 
electron transitions. The absorption spectrum is measured in dilute solution.  
 There are three factors for a good solvent. Firstly, the dilute solvent must not absorb 
the UV radiation in the same region as the substance whose spectrum is being 
determined. Secondly, the solvent should not effect on the fine structure of an absorption 
band. The last factor is the ability of the solvent to influence the wavelength of UV light 
that ill be absorbed via stabilization of either the ground or the excited state. 
 The maxima and minima of the absorption are recorded in nm and the intensity is 
recorded in term of log ε with A/c.lε = ; (A: absorbance, c: molar concentration, l: length 
of samples cell) 
 It is useful to identify conjugated system of the compound. The 95% ethanol is the 
common solvent used for UV. UV is used in identification by measuring the solution as 
neutral and by adding basic and acidic solution to the unknown or under different pH. The 
change of the maxima to higher or lower λmax indicates the class of compounds. The value 
of UV and visible spectra in identifying unknown constituents is indicative of the 
compounds.  
 These some following observations can be used to identify function groups, double 
bonds, aromatics systems… 
• Two bands of medium intensity (ε = 1000 to 10000), both with λmax above 200nm 
indicated the presence of an aromatic system. 
• A single band of low intensity (ε = 10 to 100) in the region 250 to 360 nm, with no 
major absorption at shorter wavelength (200 to 250 nm) usually indicates a n → π* 
transition. Which contains O, N, or S atoms and may include C=O, C=N, N=N, 
NO2, -COOR, -COOH. 
5.3.4. Mass Spectrometry (MS) 
 Mass spectrometry is an analytical technique used to measure the mass-to-charge 
ratio of ions. This is a powerful, sensitive, and highly selective method to identify 
compounds. It provides both molecular weight and fragmentation pattern of the 
compound. It relies of production of ions from a parent compound and the subsequent 
characterization of the pattern that are produced. Mass spectrometers can be divided into 
three fundamental parts, namely the ionization source, the analyzer, and the detector.  
 The sample has to be introduced into the ionization source of the instrument. Once 
inside the ionization source, the parent compound is bombarded by high-energy electrons 
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stream then converted to ions, because ions are easier to manipulate than neutral 
molecules. These ions are extracted into the analyzer region of the mass spectrometer 
where they are separated according to their mass-to-charge ratios (m/z) in a magnetic or 
electric fields. The separated ions are detected by a detector and this signal sent to a data 
system where the m/z ratios are stored together with their relative abundance for 
presentation in the format of an m/z spectrum. 
 In a number of ionization techniques exist, such as Electron impact (EI), Chemical 
Ionization (CI), Fast atom bombardment (FAB), Field ionization, Plasma desorption,…, 
corresponding to decreasing energy and fragmentation. 
Ionization method Typical Analytes Samples Introduction Method Highlights 
Electron  
Impact (EI) 
Relatively 
small volatile 
GC or liquid/ 
solid probe 
Hard method versatile 
provides structure info 
Chemical  
Ionization (CI) 
Relatively 
small volatile 
GC or liquid/ 
solid probe 
Soft method molecular ion 
Electrospray 
(ESI) 
Non-volatile 
Liquid 
Chromatography 
or syringe 
Soft method ions often 
multiply charged 
Fast Atom  
Bombardment  
(FAB) 
Non-volatile 
Sample mixed  
In viscous matrix 
Soft method but harder 
than ESI or MALDI 
Matrix Assisted  
Laser Desorption 
(MALDI) 
Peptides 
Proteins 
Nucleotides 
Sample mixed 
In solid matrix 
Soft method very high 
mass 
Table 7: Application of ionization methods. 
 Molecular ions and fragment ions are accelerated by manipulation of the charged 
particles through the mass spectrometer. Uncharged molecules and fragments are 
pumped away. These are some of the different types of mass analyzer.   
Analyzer System Highlights 
Quadrupole Mass Filter and Quadrupole ion 
strorage (ion trap) Unit mass resolution, fast scan 
Sector (Magnetic and/or Electrostatic); double 
focusing High resolution, exact mass 
Time-of-Flight (TOF) Theoretically, no limitation for m/z maximum, high throughput 
Ion Cyclotron Resonance (ICR) Very high resolution, exact mass 
Table 8: Some kinds of Mass analyzer. 
 MS is combined with GC or LC (HPLC) to form a remarkable analytical technique, 
which are used widely to separate a mixture and on-line identify spectroscopy of 
compounds.  
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Compound class Technique 
Sugars  Derivatisation + GC-MS 
Organic acids  Derivatisation + GC-MS 
Amino acids  Derivatisation + GC-MS 
Alcohols  GC-(TOF)-MS 
Aldehydes  GC-(TOF)-MS 
Carotenoid  derivatives GC-(TOF)-MS 
Benzenoids  GC-(TOF)-MS 
Terpenoids  GC-(TOF)-MS 
Phenolics and flavonoids HPLC-PDA-MS 
Carotenoids/lycopene  HPLC-PDA 
Vitamin E  HPLC-Fl-PDA 
Table 9: Some hyphenated techniques application. 
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6. EXPERIMENTAL 
6.1. Plant material 
 Vang Se (VS), variety of J. Subtriplinerve, leaves and stems were collected in 
September 2006 in Cam Lo district, Quang Tri province. A sample was deposited in the 
Department of Pharmacognosy, School of Pharmacy, HCMC. VS desiccated and grinded 
sample was macerated consecutively with petroleum ether, ethyl acetate, ethanol, and 
methanol at room temperature or refluxed with distilled water to give five extracts. 
Alternatively, extracting in two ways is to compare to each other. 
6.2. Extraction 
VS was carried out two extraction methods to give total fourteen extracts. The first one 
is maceration to form four crude extracts, accompanies with refluxing water extract. The 
second one is that VS is maceration in ethanol to give total crude ethanol extract, and 
then this total crude EtOH extract would be partitioned to obtain eight extracts. 
6.2.1. Method 1 
 500 g material was macerated at room temperature beginning with petroleum ether 
followed by ethyl acetate, ethanol, and then methanol with 1 liter of each solvent for 48hr. 
Refluxing extraction 100g of sample with distilled water possessed water extract. After 
filtration and evaporation, five crude extracts was obtained with quantities as figure to 
obtain 1.32 g and 13.32 g dry crude extracts, respectively. The crude petroleum ether 
extract was suspended in hexane. After filtration and drying, the soluble phase weighed 
1.10 g (83.3%). The crude ethyl acetate extract was partitioned successively with 
petroleum ether then filtrated to obtain soluble phase (4.12 g, 32.2%).  
The processing of extraction is following these steps 
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Figure 22: Maceration and refluxing extraction of method 1. 
6.2.2. Method 2 
 In this way, 1 kg of VS was subjected to extract with ethanol (3.5 liters x 3 times). 
When concentration of the ethanol solution, it was appearing solids. Separating the solids, 
then the ethanol filtrate was passed through actived graphic to remove chlorophyll. Finally, 
the crude ethanol extract weights 134 g. The ethanol extract was partitioned following the 
outline below. 
Distilled water (400 ml x 30mins) 
Water extract 
S.5 
(6.32 g) 
Material (100 g) 
Material (500 g) 
Petroleum Ether (1L x 48hr) 
Ethyl Acetate (1L x 48hr) 
Ethanol (1L x 48hr) 
Methanol (1L x 48hr)
Petroleum Ether Extract  
S1 
(1.32 g) 
Ethyl acetate Extract  
S2 
(13.32 g) 
Ethanol Extract  
S3 
(9.64 g) 
Methanol Extract 
S.4 
(14.24g) 
Residue
Residue 
Residue 
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Figure 23: Extraction outline of method 2 
 The water extract S.B6 is likely the way in method 1 but the ratios between water and 
samples is 5:1 in 1hr. 
 Totally, nine extract are S.A2, S.A1-1, S.B1-2, S.B2, S.B2-1, S.B3, S.B4, S.B5, and 
S.B6. 
6.3. Bioactivities test on extracts of two methods 
 Five extracts from method 1 and nine extracts from method 2 were carried out the 
bioactivities test. Important mentioned that, all the these extracts were sent to Institute of 
Natural Product Chemistry, VAST, Hanoi, VN for testing the bioactivities then received the 
protocols and results, only except the cytotoxic activity test on DLD-1 cell line, which were 
carried out by the author. 
6.3.1. Assay for antimicrobial activity 
 The crude extracts were tested for antimicrobial activity against the following 
microorganisms Gram(-) bacteria: E. coli and P. aeruginosa, Gram(+) bacteria: B. subtilis 
and S. aureus, fungi: A.niger, F.oxysporum, and yeasts: C. albicans, S. cerevisiae. The 
antibacterial activity of the crude extracts was examined by use of the dilution method. A 
stock solution of each compound was prepared in methanol. The necessary dilutions were 
made and plated into standard 96-well microtiter plates. Control wells received the 
1. TLC 
2. Merging 
Ethanol extract solution 
( 26.8g in 100ml ethanol ) 
Residue A Filtrate B 
Res. A1 P.E  
S.A1-1 
CHCl3 
S.A2 
P.E 
B1 
Filt. B.I 
Petroleum 
Ether 
MgSO4.7H2O 
Ethanol 
S.B1-2 
CHCl3 Ext.
S.B2 
Filt.B.II 
Filt.B.III EtOAc Ext. 
S.B3 
n-BuOH 
S.B4 
Ethanol 
S.B5 
1. + 300ml distilled water 
2. Filter 
Petroleum ether  Petroleum ether  
Shaking 
MgSO4.7H2O 
CHCl3 
EtOAc 
n-BuOH
CHCl3 
Washed  
by EtOH  
Resin 
S.B2-1 
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appropriate solvents without the test compounds. The method was described following 
these references35,36. 
6.3.2. Assay for antioxidant activity by DPPH method 
 The antioxidant activity of all extracts was determined according to the DPPH radical 
scavenging assay. Radical scavenging activity of plant extracts against stable DPPH (2,2-
diphenyl-2-picrylhydrazyl hydrate) was determined spectrophotometrically. The structure 
of DPPH and its reduction by an antioxidant are shown below. The odd electron in the 
DPPH free radical gives a strong absorption maximum at 515 nm and is purple in color. 
When DPPH reacts with an antioxidant compound, which can donate hydrogen, it is 
reduced. The changes in color (from purple to light yellow) were measured at 515 nm on a 
Lisa UV/visible light spectrophotometer. 
N
N
O2N
NO2
NO2
DPPH
N
NH
O2N
NO2
NO2
+ R H + R
 
Figure 24: Mechanism of DPPH acceptor 
6.3.2.1. Preparation of samples 
• DPPH solution was 300 µM in Ethanol. 
• Extract samples are 4mg/ml in DMSO. 
• Positive sample contain 5mM acid ascorbic (Vitamin C). 
6.3.2.2. Processing 
• The samples were applied on 96-well microtiter plate. 
• Blank sample:  10 µl extract sample  + 190 µl Ethanol 
• Negative control:  10 µl DMSO 10%  + 190 µl DPPH solution 
• Positive control:  10 µl positive sample  + 190 µl DPPH solution 
• Test samples:  10 µl extract sample  + 190 µl DPPH solution 
• Plates are covered to protect the light and incubated at 37oC in 2hrs. 
• Then, measure the adsorption by Lisa reader at 515 nm. All the extracts were 
carried out triple. 
44 
6.3.2.3. Calculate the SC(%) value 
 From the absorbance value, SC% (Scavenging capacity) was calculated as follows 
⎥⎥⎦
⎤
⎢⎢⎣
⎡ ×−−= 100
ADS
ADSADS
100SC%
control negative
sample blanksample test  
 If the SC% of any samples is much more 50%, they are considered having active 
manifestation. Afterward, those samples would test for SC50 (substrate concentration to 
produce 50% reduction of the DPPH). 
6.3.2.4. SC50 
 SC50 is the concentration of samples to produce 50% reduction of the DPPH. The 
samples were made in five concentration beginning with the same concentration like the 
previous step. With the same processing, the SC50 was obtained by using this formula 
lnxbay
1 ⋅+=  with y is the concentration of samples and x is value of SC (%). 
6.3.3. Assay for cytotoxic activity 
 Cytotoxic assays were done using two different protocols. One is using the dye 
binding assay SRB (Sulforhodamine B) method37,38,39 and the second is cell proliferation 
determined by cell counting The cytotoxic activities of the identified extracts were assayed 
on Hep-2 (human hepatocellular carcinoma), RD (human heart membrane), LU (human 
cervical cancer) (SRB assay) and DLD-1 (Human colon cancerous cell) (cell proliferation). 
These cell lines are chosen for testing because of relation to the previous pharmacological 
actions of J.subtriplinerve had been observed. The use of different extracts in the different 
assay systems are shown in table 7 
Extract Cell lines Cytotoxic method 
Five extract from method 1 Hep-2, RD 
Nine extract from method 2 Hep-2, RD, LU 
SRB assay 
Nine extract from method 2 DLD-1 Cell proliferation 
Table 10: Summary of cell lines and cytotoxic methods used for extracts 
6.3.3.1. Hep-2, RD, LU cell line. 
 SRB is a bright pink aminoxanthene dye. Under mildly acidic conditions, SRB binds to 
basic amino residue of TCA fixed proteins. It provides a stable end-point that can be 
measured any time. This method is very useful in large-scale drugs screening. 
 The cytotoxic activity assay protocol present below is according to Likhitwitayawuid 
author37 whose method is conducting at National Cancer Institute (NCI) of USA. 
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 The cells were cultured in D-MEM or MEME medium supplement 10% FBS and they 
were typically grown to 60-70% confluence; the medium was then changed and the cells 
were used for test procedures one day later.  
6.3.3.1.1. Preparation of samples 
• The concentration of cell suspension solution is 3.104-4.104. 
• Positive sample is Elipticine with 10 µM concentration in DMSO 
• Negative sample is DMSO. 
• Test samples are dissolved in 10% DMSO. 
6.3.3.1.2. Processing 
The general steps for SRB assay is given below. 
• The samples were applied on 96-well microtiter plate. 
• 10 µl containing various concentration of test samples is added include (+) and (-) 
control samples. 
• Then adding more 190 µl the cell suspension solution. 
• Plates are incubated for 72 hr at 37oC in 98% humidified of 5% CO2 incubator. 
• After incubator, medium was removed and Trichloroacetic acid (TCA) is added. 
• TCA was removed, plate were washed with tap water and air dried at room 
temperate.  
• SRB reagent is added into each well in 30 min. 
• SRB was removed. Washing 4 times with 1% aqueous HOAc then air- dried. 
• 200 µl of 10mM unbuffered Tris base. 
• Shaking for 5 min. Measurement of the absorption was at 515nm with Elisa reader. 
6.3.3.1.3. Calculate the IC (%) value  
From the absorbance value, IC (%) (Inhibitory concentration) was calculated. 
6.3.3.1.4. IC50 or ED50 
 The active samples were prepared in ten concentrations to determine the IC50. 
Starting with the same procedure, the average absorption values were calculated using 
non-linear regression analysis between percent survival and concentration. 
If IC50 of any sample is smaller than 20 µg/ml (to crude extract) or 5 µg/ml (pure 
compound), it is considered having cytotoxic activity. 
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6.3.3.2. DLD-1 cell line 
 This counting cells method is to determine the cell survival of nine extracts of VS on 
the humane colon cancerous cell line, DLD-1. With the initially number of the cells 
seeding, the data obtaining when counting the cells after treatment would estimate the 
percent of the cell survival. 
 The DLD-1 cells are cultured in McCoy’s 5A Medium (Gibco) containing 10% FBS and 
0.5ml Gentamicin.  
6.3.3.2.1. Preparation of samples 
 All the extracts are dissolved in DMSO and diluted with growth medium to possess 
6.25 – 25 µg/ml extract and to ensure the same volume (0.1 %) of DMSO in all samples. 
Resveratrol was used as positive control (60 µM),  
6.3.3.2.2. Processing  
• Cells were seeded into 24-well dishes (Technunc, Denmark) at a concentration of 
5x104 cells per well. The cells attach on the dishes over-night in the incubator at 37oC in 
humidified 5% CO2. The next day the medium was by medium containing the extracts at 
increasing concentrations. Four wells were treated identically. The cells were exposed to 
the extracts for 0, 24 or 48 h. 
 At the denoted time points, the medium was removed, cells were wash with 1 ml PBS, 
add 0.2 ml Versene/trypsin, incubated for 20 min  and 0.8 ml PBS was added. The cells 
were resuspension on ice. 0.8ml of the cell suspensions was transferred to 10 ml counting 
solution (0.9 NaCl solution) and counted using Coulter counter Ramcon A/S Z2. 
6.3.3.2.3. Calculate the cell survival (%) value 
 The percent of cell survival are calculated by   
100% x 
NC
NC
(%) survival cell
control negative
sample test
⎥⎥⎦
⎤
⎢⎢⎣
⎡=  
where NC is the number of the cell 
 From average values counted for every samples at 0hr, 24hr and 48 hr, constructed  
graphs expressing the dependent of cell survival to time expose. This graph will give the 
information that which extract are having toxicity activity. 
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7. RESULTS AND DISCUSSION 
7.1. General experimental procedures 
 Chromatography was performed on silica gel (Kieselgel 60, 70-230 mesh and 230-400 
mesh, Merck). 
 Mass spectra were obtained using a Hewlett Packard 5989 HP MS spectrometer. 
1H-NMR (500 MHz) and 13C-NMR (125 MHz) were recorded on a Bruker – Advance – 
500MHz instrument include 1D: 1H, 13C-NMR, DEPT and 2D: HMQC, HMBC. 
7.2. Bioactive Test 
7.2.1. Antimicrobial 
 The lowest concentrations of the antimicrobial agents inhibiting bacterial growth were 
reported as a minimum inhibitory concentration (MIC) 
 The results in Table 11 provides some information about the antimicrobial activity of 
extracts 
• There are not any extracts that effected against both the P.aseruginosa, which is 
typically infects the pulmonary tract, urinary tract, burns, wounds, and also causes other 
blood infections, and C.albicans, a causal agent of opportunistic oral and vaginal 
infections in humans. 
• Only n-BuOH extracts (S.B4) of method 2 is having influence on S.cerevisiae (200 
µg/ml), a useful yeast in baking and brewing.  
• There are S.4, S.A1-1, S.B1-2, S.B2-1 S.B4 and S.CB6 that showed effects 
against E.coli, which causing cholera, at concentration of 200 µg/ml accepted S.B4 and 
S.CB6 (MIC is 100 µg/ml). 
• The results not having any influences on both gr (+) and gr (-) of distilled water 
extracts of two methods are agreement. However, the S.B6 of method 2 can be inhibiting 
either A.niger (causing black mold on certain types of fruit and vegetables) or 
F.oxysporum (causes Fusarium wilt disease in more than a hundred species of plants) at 
100 µg/ml concentration.  
• Most of the extracts in method 2 are present the ability effecting against fungi, 
excepted S.A1-1 and S.B4. The S.B2 and S.B2-1 are show-marked activities with 50 
µg/ml concentration against A.niger. The others are showing at 100 µg/ml. In addition, 
MIC on F.oxysporum is from range 50 to 200 µg/ml concentration with the S.A2 is the 
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lowest MIC. This is the first results indicating that J.subtriplinerve var. VS is having 
inhibition on fungi. 
• The S1, S.B1-2, S.B2, S.B4, S.A2, and S.CB6 affected B.subtilis, which 
contaminates food but rarely causes food poisoning, in other hand is a useful bacterium 
for intestine, from 50 to 400 µg/ml of MIC. 
• Only S2, S3, S.A1-1, S.B2, S.B3 and S.B4 are possessing activities on S.aureus 
(causing skin infections, abscesses, and diseases such as pneumonia, meningitis, 
endocarditis, and septicemia) with the lowest MIC is 100 µg/ml. 
• These results are in accordance partially with previous literature of Nguyen et at, 
which is showing that distilled-water and ethanol-water extracts of J.subtriplinerve (with 
40, 50 and 90% of ethanol) are less active against P. aseruginosa and displayed no effect 
on fungus C.albicans. 
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MIC (minimum inhibitory concentration) (µg/ml) 
Gr(-) Gr(+) Fungi Yeast 
M
e
t
h
o
d
 
 Samples 
E.coli 
P. 
aeruginosa 
B. 
subtilis 
S.aureus Asp.niger 
F. 
oxysporum 
S. 
cerevisiae 
C. 
albicans 
P.E S1 – – 100 – – – – – 
EtOAc S2 – – – 200 – – – – 
EtOH S3 – – – 200 – – – – 
MeOH S4 200 – – – – – – – 
1 
DW S5 – – – – – – – – 
P.E S.A1-1 200 – – 200 – – – – 
EtOH S.B1-2 200 – 50 – 100 – – – 
CHCl3 S.B2 – – 50 200 50 – – – 
Resin S.B2-1 200 – – – 50 200 – – 
EtOAc S.B3 – – – 200 100 200 – – 
n-BuOH S.B4 100 – 100 100 – – 200 – 
DW S.B6 – – – – 100 100 – – 
CHCl3 S.A2 – – 200 – 100 50 – – 
2 
Comm. DW S.CB6 100 – 400 – 100 200 – – 
Table 11: The Minimum Inhibitory Concentration (MIC) values of extracts from J.subtriplinerve var. Vang Se 
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7.2.2. Antioxidant 
 The concentration of Ascorbic acid is 44 µg/ml and the concentration of the extract 
samples is 200 µg/ml, which is four to five times than the pure compound. The SC(%) of 
any extract that are over 50% considered to have antioxidant activity. 
 Like other traditional beverages or teas, J.subtriplinerve var. Vang Se also contains 
significant antioxidant activity. The results in Table 12 showed that the S2, S3, S4, S5, 
S.B1-2, S.B3 all have antioxidant activity with the ethyl acetate and ethanol extracts 
showing the highest activities and that of petroleum ether the least correlative of both two 
methods. The S.B3 is presenting the remarkable SC50 at 98.99 µg/ml that lower than 
S.B1-2 (148.71 µg/ml) and even than ascorbic acid (123.82 µg/ml). The water extracts 
S.B6 and S.CB6 is not possessing activity as the S5. Maybe this time, the active 
compound can be affected by long time heating when refluxing extraction. The reason 
why water extracts are weak antioxidants that they are total crude extracts, which can be 
partitioned into many extracts.  
 The primarily results can be indicated that J.subtriplinerve var. Vang se is also having 
antioxidants like other tea. It is reasonable to expect that high antioxidant compounds 
have great potential to reduce free radicals in J.subtriplinerve var. Vang se can be 
discovered.  
Method  Samples SC (%) SC50 (µg/ml) 
(+) Control Ascorbic Acid 85.08 ± 0.2  
(–) Control 5% DMSO/EtOH 0  
P.E S1 21.00 ± 0.2  
EtOAc S2 68.73 ± 0.9  
EtOH S3 68.00 ± 0.3  
MeOH S4 61.36 ± 0.1  
1 
DW S5 50.82 ± 0.5  
(+) Control Ascorbic Acid 63.67 ± 0.00 123.82 
(–) Control 5% DMSO/EtOH 0 – 
P.E S.A1-1 12.95 ± 1.60 – 
EtOH S.B1-2 56.35 ± 0.70 148.71 
CHCl3 S.B2 40.88 ± 1.00 – 
Resin S.B2-1 41.01 ± 0.40 – 
EtOAc S.B3 57.64 ± 0.20 98.99 
n-BuOH S.B4 49.28 ± 0.80 – 
DW S.B6 26.97 ± 0.30 – 
CHCl3 S.A2 41.01 ± 1.10 – 
2 
Comm. DW S.CB6 26.26 ± 0.70 – 
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 Table 12: The Inhibitory Effects of the extracts on the antioxidant radix assay 
7.2.3. Cytotoxic 
7.2.3.1. Hep-2, RD, LU cell line 
 
 All the extracts are test for activity on Hep-2, RD, and LU human cancerous cell lines. 
Only three out of them, which are S1, S.A1-1, SA2, showed cytotoxic against the 
cancerous cell lines used (table 13) 
 The S1 of method 1 is the only one extract having the activity on both Hep-2 and RD 
at 19.2 and 20 µg/ml, respectively. Nevertheless, these IC50 values are not evident to 
ensure its activity. Therefore, it was tested again along with samples in method 2. 
Reliably, S1 is still representing the high toxicity against the cell lines used. Among the 
extracts that having activity, the S.A2 is showed the highest effects against Hep-2cell line 
with 6.92 µg/ml of IC50, then the S1 (7.34 µg/ml) and the S.A1-1 (10.74 µg/ml). 
Conversely, the influence of S.A1-1 on RD cell line is the highest, the S.A2 is the third, 
and the S.B1 is still the second one with IC50 12.64, 14.8 and 18.97 µg/ml, respectively. 
These express that the cytotoxic activity compounds are in the non-polar phase of the 
extract in plants. 
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Cell Survival (%) IC50(µg/ ml)   Samples 
Hep-2 RD LU Hep-2 RD LU 
(+) control Elipticine 2.05 ± 0.0 2.20 ± 0.7  0.004 0.0025  
(-) control DMSO 100 100   NA NA  
Petro.ether S1 49.4 ± 1.1 50.0 ± 0.04  19.2 20  
EtOAc S2 77.9 ± 0.3 80.2 ± 1.9  > 20 > 20  
EtOH S3 97.2 ± 0.7 92.3 ± 1.1  > 20 > 20  
MeOH S4 94.1 ± 0.5 85.4 ± 1.5  > 20 > 20  
1 
DW S5 74.7 ± 0.9 96.4 ± 1.5  > 20 > 20  
(+) control Elipticine 2.05 ± 0.00 1.50 ± 0.02 2.35 ± 0.07 2.05 0.1 0.32 
(–) control DMSO 100.0  100.0 ± 0.0 100 >20 >20 >20 
P.E(M.1) S1 33.20 ± 0.70 43.50 ± 1.50 54.05 ± 0.00 7.34 14.8 >20 
P.E S.A1-1 33.60 ± 0.20 26.00 ± 0.10 62.10 ± 0.90 10.74 12.64 >20 
EtOH S.B1-2 101.6 ± 0.60 82.80 ± 1.70 63.60 ± 2.30 >20 >20 >20 
CHCl3 S.B2 95.40 ± 1.30 90.00 ± 1.40 84.70 ± 0.90 >20 >20 >20 
Resin S.B2-1 106.1 ± 0.70 72.10 ± 0.50 87.60 ± 0.30 >20 >20 >20 
EtOAc S.B3 103.0 ± 1.10 61.20 ± 0.40 79.40 ± 1.60 >20 >20 >20 
n-BuOH S.B4 80.80 ± 1.70 75.50 ± 0.50 71.20 ± 0.70 >20 >20 >20 
DW S.B6 108.1 ± 0.06 75.70 ± 1.20 80.80 ± 1.60 >20 >20 >20 
CHCl3 S.A2 29.40 ± 0.40 49.50 ± 0.06 65.70 ± 0.90 6.92 18.97 >20 
2 
Commercial DW S.CB6 103.5 ± 1.40 109.2 ± 1.30 82.20 ± 0.40 >20 >20 >20 
Table 13: Cytotoxic activities of extracts on Hep-2, RD, and LU cancerous cell lines 
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7.2.3.2. DLD-1 cell line 
 Only eight extracts of method 2 according to Table 14 were test the cytotoxic activities 
on DLD-1 cell lines. All extracts were tested two concentrations (6.25 and 25 µg/ml), and 
extracts S.A1-1, S.B2, S.B6 and S.CB6 were additional tested at 250 µg/ml. According to 
the percentage of cell survival and the figure correlating the cell number with time 
treatment, the active extracts can be determined. In Table 14, the S.A1-1, S.B2, and S.B6 
appear to active using the DLD-1 cells as these extracts reduced the percentage of cells 
after 24 and 48 h at both 6.25 and 25 µg/ml.  
 When increasing the concentration to 250µg/ml (Table 15), the S.A1-1 shows a 
remarkable effect with the percentage of cell survival 22% and 3% after 24hr and 48hr, 
respectively. The concentration of S.A1-1 is more 10 times, partial correlatively, its the cell 
survival are increasing nearly 32 times and 4 times after 48hr and 24hr treatment, 
respectively. Therefore, this is the significant value to prove that S.A1-1 is also effecting 
against the DLD-1, besides Hep-2 and RD cell lines. In addition, the S.B2 is also present 
an enjoyable percentage of cell survival. The maximum concentration of S.B2 is four times 
than the minimum but its ability to reduce the cell survival is stable about 2.3-2.4 times 
after 24hr or 48hr. The remaining extracts are also having activities but seem to be 
reducing the effectiveness after 24hr. 
 Among four higher concentration extract, S.A1-1 was indicated that it is the most 
active in the DLD-1 cell assay and is chosen for determining the IC50 in later experiments. 
  24hr 48hr 
Samples/ 
(%) 
(-) 
control 
(+) 
control 
6.25 
µg/ml 
25 
µg/ml 
(+) 
control 
6.25 
µg/ml 
25 
µg/ml 
S.A1-1 100 46 89 82 25 85 95 
S.B2 100 46 80 80 25 100 83 
S.B3 100 55 117 115 29 126 112 
S.B1-2 100 59 126 111 20 111 100 
S.B4 100 59 107 90 20 101 109 
S.B5 100 54 111 104 25 115 107 
S.B6 100 54 91 84 25 120 99 
Table 14: Relative cell numbers following exposure to extracts of method 2 on DLD-1 
cells. Each experiment have been done four times 
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Figure 25: Correlation of cell number with time treatment (hr) of the extracts 
 
  24hr 48hr 
Samples/ 
(%) 
(-) 
control 
(+) 
control 
62.5 
µg/ml 
250 
µg/ml 
(+) 
control 
62.5 
µg/ml 
250 
µg/ml 
S.A1-1 111 22 89 3 
S.B2 
100 75 
83 36 
38 
71 29 
S.B6 72 68 91 78 
S.CB6 
100 54 
48 31 
31 
85 48 
Table 15: Cytotoxic the S.A1-1, SB2, S.B6 and S.CB6 on DLD-1 
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Figure 26: Growth curves of DLD-1 cells exposed to extract S.A1-1, S.B2, S.B6, and 
S.CB6 at concentration. Mean and standard deviation of 4 numbers 
 With low concentration 25 and 6.25µg/ml, four extracts include S.B3, S.B1-2, S.B4 
and S.B5 don’t show any effects on DLD-1, otherwise, they also raised the number of 
cells more than the (-) control after 24 and 48hr treatment. The S.B1-2 and S.B4 seems to 
be effective to DLD-1 before 18hr, after that, they lose their activities. In fact, they are 
alcoholic extracts, that maybe they contain the compounds that having the same action. 
On other hand, thee remaining extracts, S.A1-1, S.B2, and S.B6 present a slight activity. 
After 24hr experiment, the percentage cell survival of S.B2 is the lowest and stable 80% 
with two concentrations. And the activity of S.A1-1 are subequal to S.B6. After 48hr 
treatment, the S.B2 still possesses the stable activity at 25µg/ml; however, the percentage 
of cell survival at 6.25µg/ml is increasing up to 100%. These similar changes are also 
appearance in both concentrations of S.B6 and S.A1-1. Although it may be the case that 
these three extracts are relevant to be firstly ones being increased the concentrations. 
 Accompany with these three extract, the commercial water extract (S.CB6) of 
J.subtriplinerve are also increasing ten times. The results bring out the unforeseen data 
that indicated S.A1-1 is showing the highest  activity by reducing the cell survival by 3% at 
250µg/ml concentration in 48hr experiment, after that is S.B2, then S.CB6 and S.B6 is the 
lowest with 29, 48 and 78%, respectively. All these extracts are having activities, but only 
the percentages of cell survival of S.A1-1 and S.B2 are reduced when increasing 
concentration from 62.5µg/ml to 250µg/ml, together with increasing of time treatment. The 
others, S.B6 and S.CB6 are appearance that fading away their activities after 25 to 35hr 
treatment. 
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 Those are evidences to suggest that Vang Se is a potential cytotoxic activive plant. It 
would be more certainly conclusion if the other extracts, which being considered as non-
activities, were increased their concentration ten times to test their action again. 
7.3. Isolation 
 From the interesting results of cytotoxic activity, the crude petroleum ether (S1) was 
chosen to be the main subject for next extraction and isolation. In addition, the ethyl 
acetate (S2) extract was also selected to investigate the chemistry compounds. 
7.3.1. Petroleum extract 
 The S1 was suspended in hexane. After filtration and concentration, the soluble phase 
weighed 1.10 g (83.3%). The hexane sub-fraction was fractionized by column 
chromatography on a 2.5x50 cm column over 38 g silica gel using a gradient of petroleum 
ether : ethyl acetate as eluent (petroleum ether : EtOAc = 100:0 – 0:100). Sixteen 
fractions were collected basing on the basis of TLC analysis. From fraction 10 and 5, 
there are appearance of crystallizing after a day. These crystal are separated to yield 
compounds ST1 (fr.10, 21.53 mg, 1.38%) and TT1 (fr.5, 74.25 mg, 4.76%). 
7.3.2. Ethyl Acetate extract 
 The crude ethyl acetate extract was partitioned successively with petroleum ether then 
filtrated to obtain soluble phase (4.12 g, 32.2%). The petroleum ether phase from the ethyl 
acetate extract (1.45 g) was fractioned by the same chromatography column over 40 g 
silica gel using a gradient of petroleum ether : CHCl3 from 100:0 to 0:100. Twenty-two 
fractions were collected yielding ST1 (fr.8, 6.25mg, 0.45%) and ST2 (fr.10, 4.93mg, 
0.34%). 
7.4. Structure determination 
7.4.1. TT1: 
• The IR spectrum (Appendix 1) showed important absorptions attributable to 
hydroxyl (3222 cm-1), carboxylic (1727cm–1, -COOH) carbonyl functions. The other peaks 
are at 2945 cm-1 (sp3 C-H), 1680 cm-1 (conjugated C=C), 1253 cm-1 (C–O). 
• High resolution EI-MS showed  the [M+] at m/z = 498. (appendix 2, 3) 
• The DEPT 90, DEPT 135, and 13C-NMR (see Appendix 4-6) showed signals that 
the compound contains 32 carbons that are eight methyl groups, ten methylene groups, 
five methine groups, and nine quaternary carbons. A carboxylic and ester function groups 
are appeared at δ 184.03ppm and 171.04ppm, respectively. Totally, there are 32 carbon, 
49 hydrogen, and 3 oxygen atoms with one hydroxyl groups in molecule. Generally, the 
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formulary of this compound is C32H50O4. From the analysis, it is predicted that this 
compound is a derivative of oleanolic acid. In database, the structure suggested from MS 
spectrum is 3β-acetyl oleanolic acid. To verify the suggestion, we simulated the structure 
by ACD/NMR program to obtain the chemical shifts of both proton and carbon. When 
comparing, two spectrum are resemble to each other. Further more, its structure was 
confirmed by the appearance of signals at 2.06 and 4.42 ppm attributable to CH3 of the 
acetyloxy group and H3, respectively, in the 1H-NMR spectrum. The 13C-NMR spectrum 
showed signals at 80.9 ppm and 171.0 ppm corresponding to C3 and the carbonyl of the 
acetyloxy group, respectively, with the comparison of their spectral data with previous 
reports40,41,42. It is exactly attest the structure of TT1, 3β-acetyl oleanolic acid (table 16). 
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Figure 27: 3β -acetyl oleanolic acid or 3β acetate oleanolic acid 
 
δC (ppm) δH (ppm) Position Group 
TT1 TT1a ACD 
Group 
TT1 TT1a ACD 
1 CH2 38.10 38.0 38.05 − − −  
2 CH2 27.70 27.7 26.05 − − −  
3 CH 81.96 80.9 80.9 CH 4.45 4.42 4.50 
4 C 37.70 37.7 37.7 − − −  
5 CH 55.30 55.3 55.3 − − −  
6 CH2 18.20 18.1 18.15 − − −  
7 CH2 32.06 32.8 32.5 − − −  
8 C 39.20 39.3 39.3 − − −  
9 CH 47.60 48.0 47.6 − − −  
10 C 37.02 37.7 36.95 − − −  
11 CH2 23.40 24.0 23.1 − − −  
12 CH 122.6 122.5 122.55 CH 5.27 5.19 5.28 
13 C 143.6 143.6 143.55 − − −  
14 C 41.50 41.5 41.55 − − −  
15 CH2 27.70 28.0 27.65 − − −  
16 CH2 23.55 23.4 23.20 − − −  
17 C 46.60 46.6 46.55     
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18 CH 40.96 41.3 40.9 − − −  
19 CH2 45.87 45.8 44.55 − − −  
20 C 30.68 30.7 30.70 − − −  
21 CH2 33.80 33.8 33.65 − − −  
22 CH2 32.47 32.3 32.45 − − −  
23 CH3 28.06 29.7 28.05 CH3 0.87 0.88 1.00 
24 CH3 16.67 16.7 16.9 CH3 0.85 0.87 0.89 
25 CH3 15.40 15.5 16.2 CH3 0.94 1.05 0.83 
26 CH3 17.20 17.2 16.65 CH3 0.74 0.79 0.94 
27 CH3 25.90 26.0 25.9 CH3 1.13 1.18 1.17 
28 C 184.03 178.6 184.1 − − −  
29 CH3 33.06 33.1 33.35 CH3 0.90 0.97 0.90 
30 CH3 23.60 23.6 23.55 CH3 0.93 1.00 0.96 
31 CH3 21.29 22.8 21.3 CH3 2.04 2.06 2.04 
32 C 171.04 171.0 170.9 − − −  
TT1a in CDCl3 
Table 16: 13C-NMR and 1H-NMR data of the compound 3β -acetyl oleanolic acid 
7.4.2. ST1 
• The IR spectrum showed absorptions attributable to hydroxyl (3375cm-1), CH 
(2945 cm-1 and 2866cm-1), C=C (1637cm-1), C–O (1292cm-1) groups.  
• High resolution EI-MS showed  the [M+] at m/z = 426.  
• The DEPT 90, DEPT 135 and 13C-NMR showed signals that the compound 
contains seven methyl, eleven methylene, six methine groups and six quaternary carbons 
to C30H49 part. This part is equal to 409 amu. The molecular mass provides the leaking 
of 17 amu as hydroxyl group. Therefore, C30H50O is the molecular formula of ST1. With 
MS database, ACD/NMR program spectral data with previous reports43, ST1 is Lup–20–
en–3β–ol. (Table 17) 
 The all spectrum of ST1 are seen in appendices 7-12. 
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Figure 28: Lup-20-en-3β-ol or Lupeol 
 
δC (ppm) Group δH (ppm) Position Group 
ST1 ST1a ACD  ST1 ST1a ACD 
1 CH2 40.64 38.67 38.33 CH2 
0.99 
1.05 
0.91 
1.68 
 
2 C 27.46 27.35 27.35 CH2 
1.85 
1.95 
1.54 
1.61 
 
3 CH2 79.04 78.94 78.91 CH 3.20 3.18 3.23 
4 C 38.76 38.81 38.8 − − −  
5 CH 55.35 55.25 55.34 CH 0.68 0.69 0.68 
6 CH2 18.36 18.28 18.26 CH2 
1.40 
1.50 
1.39 
1.54 
 
7 CH2 34.33 34.23 34.21 CH2 
1.35 
1.42 
− 
1.41 
 
8 C 40.88 40.78 40.8 − − −  
9 CH 50.49 50.38 50.44 CH 1.71 1.28  
10 C 37.22 37.11 37.14     
11 CH2 20.97 20.89 20.90 CH2 
1.29 
1.60 
1.25 
1.42 
 
12 CH2 25.09 25.08 25.09 − − −  
13 CH 38.89 38.00 36.97     
14 C 42.87 42.78 42.60     
15 CH2 27.49 27.41 27.44     
16 CH2 34.31 35.54 34.31 − − −  
17 C 42.87 42.95 42.95     
18 CH 48.02 48.24 48.76 − − −  
19 CH 48.36 47.94 46.85 CH 2.38 2.39 2.31 
20 C 150.97 150.88 150.71 − − −  
21 CH2 29.89 29.80 29.77 − − −  
22 CH2 40.88 39.96 40.29 − − −  
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23 CH3 28.02 27.95 27.98 CH3 1.03 0.98 1.23 
24 CH3 15.38 15.35 15.33 CH3 0.76 0.77 1.06 
25 CH3 16.13 16.09 16.06 CH3 0.82 0.84 0.83 
26 CH3 16.01 15.94 15.92 CH3 0.96 1.04 0.99 
27 CH3 14.58 14.51 14.48 CH3 0.94 0.97 0.97 
28 CH3 18.03 17.97 19.74 CH3 0.79 0.79 0.86 
29 CH2 109.3 109.31 109.32 CH2 
4.68 
4.57 
4.56 
4.69 
4.69 
4.59 
30 CH3 19.33 19.28 19.57 CH3 1.68 1.69 1.65 
ST1a Lupeol/CDCl3 
Table 17: 13C-NMR and 1H-NMR data of the compound of Lup–20–en–3β–ol 
7.4.3. ST2: 
• In IR spectrum, absorptions are appeared at 3421.85cm-1 (OH), 2943cm-1 (CH2), 
2865 cm-1 (CH), 1646 cm-1 (C=C), 1270cm-1 (C–O). The molecular mass is 414.  
• Spectral data (DEPT 90, DEPT 135 and 13C-NMR) resembled those published for 
C30H5OO, named Stigmast-5-en-3β-ol44,45. This compound is having six methyl, eleven 
methylene, nine methine groups, and three quaternary carbons with a hydroxyl group. The 
carbons of alkenes conjugated are at 140.78ppm (C5) and 121.72ppm (C6). The 
spectrum appendices are from 13-18. 
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Figure 29: Stigmast-5-en-3β-ol or β-sitosterol 
 
δC (ppm) δH (ppm) Position Group 
ST2 ST2a ACD 
Group 
ST2 ST2a ACD 
1 CH2 37.28 37.23 37.27 − − − − 
2 CH2 31.69 29.48 31.68 − − − − 
3 CH 71.82 80.11 71.84 CH 3.52 3.98 3.54 
4 CH2 42.33 38.95 42.31 CH2 
2.24 
2.28 
2.49 
2.72 
2.21 
2.29 
5 C 140.70 140.45 140.76 − − − − 
6 CH 121.72 122.20 121.72 CH 5.36 5.35 5.36 
 
 
62
7 CH2 31.69 31.96 31.93 − − − − 
8 CH 31.93 31.90 31.92 CH 1.67 1.36 1.45 
9 CH 50.17 50.23 50.14 − − − − 
10 C 36.52 36.75 36.52 − − − − 
11 CH2 21.10 21.06 21.1 − − − − 
12 CH2 39.80 39.78 39.78 − − − − 
13 C 42.33 42.36 42.33 − − − − 
14 CH 56.79 56.81 56.77 − − − − 
15 CH2 24.37 24.30 24.32 − − − − 
16 CH2 28.25 28.24 28.25 CH2 
− 
1.84 
1.25 
1.85 
1.79 
1.83 
17 CH 56.09 56.12 56.08 − − − − 
18 CH3 11.86 11.86 11.87 CH3 0.68 0.66 0.67 
19 CH3 19.40 19.35 19.41 CH3 1.02 0.94 1.01 
20 CH 36.52 36.14 36.28 − − − − 
21 CH3 18.79 18.79 18.84 CH3 0.94 0.98 0.93 
22 CH2 33.98 33.99 33.92 − − − − 
23 CH2 26.14 26.15 26.38 − − − − 
24 CH 45.88 45.91 46.07 − − − − 
25 CH 28.91 29.23 28.95 CH 1.65 1.68 1.66 
26 CH3 19.80 19.06 19.78 CH3 0.85 0.84 0.84 
27 CH3 18.79 19.81 19.01 CH3 0.83 0.86 0.81 
28 CH2 23.10 23.12 23.02 − − − − 
29 CH3 11.99 11.99 12.1 CH3 0.86 0.88 0.85 
ST2a in CDCl3 
Table 18: 13C-NMR and 1H-NMR data of the compound of Stigmast-5-en-3-O-β-ol 
 Three compounds, 3β-acetyl Oleanolic acid, Lupeol and Stigmast-5-en-3-O-β-ol, are 
commonly triterpenes compounds found in plants. There are numerous published about 
their structures, hence comparisons with data of those articles, it would be confirm the 
structures but not necessary to analyze in details. 
 There are little literatures studies on 3β-acetyl Oleanolic acid about its bioactivities. 
Nevertheless, 3β-acetyl-oleanolic acid is reported to show inhibitory activity against a 
periodonpathic bacterium Porphyrormonas ginggivalis46. In addition, it is also having the 
gastroprotective activity and ulcer-healing effect but not as much as oleanolic acid in vitro 
and in vivo experiment47. Oleanolic acid and its derivatives were identified as potent anti-
HIV agents48 and might represent a novel protective vascular therapy. Furthermore, 
oleanolic acid is essentially mentioned to have strong antioxidant activity49, anti-
inflammatory, hepatoprotective, antiallergic, anti-ulcer, antimicrobial activities, and exert 
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an antiparasitic activity against Trypanosoma and Leishmania species. It has also been 
used in the treatment of kidney diseases and hypertension in addition to presenting 
immunomodulatory, hypoglycemic and antifertility activities50. 
 Lupeol is a naturally occurring triterpene found in various fruits and vegetables and 
many medicinal plants. The compound has been shown to possess various 
pharmacological properties. Lupeol isolated from leaves of Vernonia brasiliana, was 
identified as a compound responsible for the activity, inhibiting the P.falciparum growth by 
45% when tested at 25 µg/ml in vitro51. In recent studies52,53, it have been reported that 
lupeol and its derivatives show that lupeol can reduce calcium oxalate urolithiasis by 
decreasing urinary risk factors, diminishing tubular dysfunction and preventing further 
damage to the renal tubules. In addition, it has been shown to act as a strong anti-
inflammatory and antarthritic, such as in reduction in paw swelling of the arthritic rat by 
39% with dose of 50mg/kg bw54, and improve the antioxidant status of liver against 
cadmium-induced toxicity in rats55. Nevertheless, Lupeol did not show noticeable cytotoxic 
activity against the four human tumor cell lines: HT-29 (colorectal cancer), MCF-7 (breast 
cancer), Hep-2 (larynx cancer), and MKN-45 (gastric cancer) at the 100 mM maximum 
concentration evaluated56. However, lupeol may have a possible role as a 
chemopreventive agent in other free radical-mediated diseases and against oxidative 
stress during the early stages of tumor promotion57. Thus, lupeol and its ester derivatives 
could improve the antioxidant status of the liver58. 
 Stigmast-5-en-3β-ol or β-sitosterol, a phytosterol, is a very common chemical 
constituent of medicinal plants, which possesses valuable biological activity, such as 
gastroprotective activity in several experimental ulcer models in rats59. β-Sitosterol and 
fatty acids from Mallotus peltatus leaf extract were also reported to show antibacterial and 
anti-inflammatory activities60. 
 The bioactive test of all extracts of J.subtriplinerve var. Vang se can prove that this 
plant is having bioactive activities. Most of the extracts can affect against the 
microorganism used except P.aeruginosa and C.albicans. In addition, this plant also 
contains antioxidants that are in polar extracts. This activity demonstrates that 
J.subtriplinerve used, as a tea in traditional customs is reasonable. Furthermore, there 
reported that J.subtriplinerve var. Vang Se possesses the potential inhibitory on Hep-2, 
RD and DLD-1 human cancerous cell lines. These cytotoxic active compounds are existed 
in non-polar phase extracts. From two crude active extracts S1 (cytotoxic activity) and S2 
(antioxidant activity), three common triterpene compounds in most of the medicinal plants 
are isolated named 3β-acetyl-oleanolic acid, Lupeol, and β-Sitosterol, which reported that 
possessing various pharmacological properties. 
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8. CONCLUSION 
 Two varieties of J.subtriplinerve Bl. could be distinguished by their twigs and leaves. 
Just one variety of J.subtriplinerve Bl., Vang se, was investigated for its bioactivities and 
some secondary metabolites from two of all crude extracts.  
 The results of antimicrobial assay demonstrated Vang se possesses abilities of 
inhibition against E.coli, S.aureus and B. subtilis bacterial strains; A.niger and 
F.oxysporum fungi, and only S.cerevisiae yeast but cannot affect the P.aeruginosa and 
C.albicans. In addition, using DPPH radical scavenging assay to investigate the 
antioxidant activity of crude extracts of Vang se, found that active compounds are present 
in ethyl acetate, ethanol, methanol, and water extract, especially S.B3 - a ethyl acetate 
extract obtained by method 2. This extract exhibited antioxidant activity (SC50 98.99 µg/ml) 
that was even lower than vitamin C (SC50 123.82 µg/ml). As well as, the others are also 
noticed. Moreover, the evidence of cytotoxic assays is clearly demonstrated that the 
petroleum ether extracts of Vang Se has marked effect on three human cancerous cell 
lines: Hep-2, RD and DLD-1. These cytotoxic results are the newly information that 
participate in the pharmaceutical activities of J.subtriplinerve. 
 On the basis of inhibition the growth of cancerous cell and DPPH radical scavenging 
assay-guided isolation, the petroleum ether and ethyl acetate extract of Vang Se were 
separated by silica gel chromatography afford three white powder (TT1, ST1 and ST2), 
which was identified as 3β-acetyl-oleanolic acid, Lupeol, and β-Sitosterol, respectively. 
These compounds had known for their bioactivities that were discussed above. 
 This thesis would carry more weight if using cytotoxic bioassay-guide on the fractions, 
which would be fractionized from petroleum ether extract, to find out the most active ones 
for next analysis experiment and more. Furthermore, the other active extract will be also 
investigated the chemical constituents. 
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